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Sir: 



This Appeal Brief is filed pursuant to the "Notice of Non-Compliant Appeal Brief 
mailed January 28, 2008 and the "Notice of Appeal to the Board of Patent Appeals and 
Interferences" filed on November 27, 2006. 

Appellant notes that the Appeal fee was paid with the Appeal Brief of January 29, 
2007. Accordingly, no additional fee is believed due. However, any additional fees 
believed to be due in connection with this paper may be charged to our Deposit Account No. 
50-0220 

REAL PARTY IN INTEREST 

The real party in interest North Carolina State University (NCSLl). the assignee of the 
rights to this application by virtue of assigmnent from the inventors to NCSU, recorded at the 
United States Patent and Trademark Office on January 7, 2002 on Reel 012444, Frame 0066. 

RELATED APPEALS AND INTERFERENCES 

Appellants are aware of no related appeals or interferences that would be affected by 
the present appeal. 
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STATUS OF CLAIMS 

Claims 1-7, 10, 11, 21-24, 27-30, 52, 63, 64, and 69 are pending in the present 
application as of the filing date of this Appeal Brief, In order to reduce the issues to be 
considered on appeal, appellants have canceled claims 70-74 without prejudice or disclaimer 
pursuant to 37 C.F. R, § 41.33(b)(1) in an amendment filed concurrently herewith. 
Applicants respectfully submit that such cancellation does not affect the scope of any other 
pending claim in the proceeding. Accordingly, as of the filing date of this Appeal Brief, 
claims 1, 3, 5-7, 21, 23, 24, 30, 63 and 69 remain rejected under 35 U.S.C. § 103(a) and 
claims 2, 4, 10, 11, 22, 27-29, 52 and 64 remain objected to for being dependent on rejected 
claims. 

Appellants appeal the rejection of claims 1, 3, 5-7, 21, 23, 24, 30, 63 and 69. The 
attached Appendix A presents the claims at issue as twice rejected in the Final Office Action 
of August 2, 2006. In addition, Appendix A reflects the status of claims 70-74 as canceled. 
The cancellation of claims 70-74 was presented in the Amendment filed on November 12, 
2007. 

STATUS OF AMENDMENTS 

All amendments made by Appellants prior to the filing of Notice of Appeal are 
believed to be entered as indicated by the Final Office Action dated August 2, 2006. A 
further amendment was submitted to the U.S. Patent Office after the date of filing the Appeal 
Brief (pursuant to 37 C.F. R, § 41.33(b)(1)) on November 12, 2007, which cancels claims 70- 
74. The attached Appendix A presents the pending claims following Appellants' November 
12, 2007 amendment and their coiTesponding status. 

SUMMARY OF CLAIMED SUBJECT MATTER 

Omamental plants such as begonias, geraniums, impatiens, poinsettias and the like 
comprise a large and profitable market in the United States. Many ornamental plants such as 
poinsettias are vegetatively or clonally propagated (i.e., by cuttings from stock plants). Plants 
produced in this manner share the same genetic and phenotypic characteristics of the stock 
plant. Distributors, growers and buyers of ornamental plants are often concerned about the 
authenticity of the particular variety or cultivar of plant being grown or sold. Accordingly, a 



Attoiney Docket No. 5051-445 
Application No.: 09/912,072 
Filed: July 24, 2001 
Page 3 of 20 

need exists for a method to reliably and accurately determine if a particular plant is the same 
cultivar as another cultivar, or if a particular plant is a member of a particular family or 
breeding program of plants. 

Over the past 10 years, genetic mapping technologies utilizing analyses of restriction 
fragment length polymoiphisms (RFLP), random amplified polymorphic DNA (RAPD), 
simple sequence repeats (SSR) and amplified fragment length polymorphisms (AFLP) have 
been used for identifying genetic markers for desirable traits or phenotypes in plants. These 
techniques have also been useful adjuncts to genetic and breeding programs for genome 
mapping and marker-assisted selection, respectively. Using these technologies, attempts 
have been made to develop cultivar-specific fingeiprints for identification. 

Unfortunately, the RAPD and RFLP technologies used in previous attempts to 
fingerprint cultivars lacked the resolution to distinguish between genotypes. While AFLP 
and SSR techniques generally have sufficient resolution to distinguish between certain 
genotypes, these methods have heretofore been unable to overcome the problems posed by 
the inherent heterogeneity in regions of plant genomes that contain polymoiphisms, but 
which are unrelated to the regions of the genomes that are related to cultivar identity. In 
particular, these technologies have been limited in their use for reliable cultivar identification 
of vegetatively propagated plants due to recognized and unrecognized regions of 
heterogeneity in these plant genomes. 

The present inventors have examined over 100 amplified restriction fragments that 
exhibit polymorphisms between cultivars of the Poinsettia genome, a clonally propagated 
crop. In particular, the inventors have identified amplified restriction fragments that are 
polymoi-phic between genotypes, and which in specific combinations also correlate with 
cultivar identity. The discovery of regions of the genome that are involved in cultivar 
differentiation (as distinguished from those that appear as polymoiphisms but are in fact not 
related to cultivar identity) provides an advantageous and significant advancement for the 
genomic fingerprinting of plants generally, and more specifically of vegetatively propagated 
plants such as poinsettias. 

The present application includes independent claims 1, 3, 21, 63 and 69. Claim 1 is 
directed to a method of estimating a genetic relationship, if any, between a poinsettia plant 
and a known poinsettia cultivar, by obtaining a DNA fingerprint of the poinsettia plant's 
genomic DNA by AFLP, the fingerprint being a collection of amplified restriction fragments; 
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comparing the fingeiprint so obtained with a genomic DNA fingeiprint of the known 
poinsettia ciiltivar; and estimating the genetic relationship between the poinsettia plant and 
the known cultivar by determining the degree of similarity, if any, between the fmgeipnnts. 
(See Specification, for example, at least on page 4, lines 14-24). 

Claim 3 is directed to a method of assessing the breeding history of a first poinsettia 
plant. This method also involves obtaining a DNA fingerprint of the genomic DNA of a first 
poinsettia plant, where the fingeiprint comprises a set of amplified restriction fragments. The 
fingeiprint of the first poinsettia plant is compared with a fingeiprint of the genomic DNA of 
the second poinsettia plant that is a representative member of a specific breeding family, 
where the fingerprint comprises a set of amplified restriction fragments. A profile index 
value is generated based on the comparison of the fingerprint of the first poinsettia plant with 
the fingeiprint of the poinsettia plant that is a representative member of a specific breeding 
family. Known mathematical models may be used to determine whether the two poinsettia 
plants belong to a representative breeding family. (See Specification, for example, at least on 
page 4, lines 14-24). 

Claim 2 1 is directed to a method of deteimining the degree of similarity of a first 
poinsettia plant to a second poinsettia plant, by obtaining a DNA fingerprint of the genomic 
DNA of a first poinsettia plant by AFLP, wherein the fingeiprint comprises a set of amplified 
restriction fragments; companng the fingeiprint of the first poinsettia plant with a fingerprint 
of the genomic DNA of the second poinsettia plant, wherein the fingeiprint comprises a set of 
amplified restriction fragments; and generating a profile index value based on the comparison 
of the fingerprint of the first poinsettia plant with the fingerprint of the second plant, wherein 
a profile similarity index value of about 1 or a dissimilarity value of about zero indicates that 
the two poinsettia plants are genetically similar. (See Specification, for example, at least on 
page 4, lines 25-34 through page 5, lines 1-16). 

Claim 63 is directed to a method of determining whether a poinsettia plant is a 
representative of a known poinsettia cultivar, by obtaining a first DNA fingeiprint of the 
genomic DNA of a poinsettia plant by AFLP analysis, and then comparing the first 
fingerprint with a second fingeiprint of the genomic DNA of the known poinsettia cultivar; 
wherein the poinsettia plant is a representative of the known poinsettia cultivar if the 
fingerprint of the poinsettia plant and the fingeiprint of the known poinsettia cultivar have the 
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same complement of polymoiphic bands. See Specification, for example, at least on page 7, 
lines 1-8. 

Claim 69 is directed to a method of distinguishing a poinsettia cultivar from a known 
poinsettia cultivar, by obtaining a first DNA fingerprint of the genomic DNA of a poinsettia 
plant by AFLP analysis and then comparing the first fingerprint with a fingeiprint of the 
genomic DNA of the known poinsettia cultivar, wherein the poinsettia plant is not a 
representative of the known poinsettia cultivar if the fingerprint of the poinsettia plant and the 
fingeiprint of the known poinsettia cultivar are not essentially the same. {See Specification, 
for example, at least on page 8, lines 3-10). 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether claims 1, 3, 5 7, 21, 23, 24, 63 and 69 are properly rejected as 
unpatentable under 35 U.S.C. § 103(a) over Lmg et al. (HortSci 32: 122-124 (1997)), m view 
of Loh et al. (Annals ofBot. 84: 155--161 (1999)) as defined by Dice et al. {Ecology 26:297- 
302 (1945)). 

2. Whether claims 1, 3, 5-7, 21, 23, 24, 30, 63 and 69 are properly rejected as 
unpatentable under 35 U.S.C. § 103(a) over Ling et al, in view of Barcaccia et al. (7. 
Horticiiltiiral Science and Biotechnology 74:243-50, (1999)) as defined by Dice et ah 

3. Whether claims 1, 3, 5-7, 21, 23, 24, 30, 63 and 69 are properly rejected as 
unpatentable under 35 U.S.C. § 103(a) over Ling et al. in view of Sukhwinder et aL {Crop 
Improvement 25:15-20 (1998)) as defined by Dice et al. 

4. Whether claims 1, 3, 5, 6, 21, 23, 30, 63 and 69 are properly rejected as 
impatentable under 35 U.S.C. § 103(a) over Ling et al. in view of Barker et aL {Genome 
42:173-183 (1999)) as defined by Tullos (Offprint from Palm and Chapel, eds., (1997)). 



ARGUMENT 

L Legal Standard of Obviousness 
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A determination under 35 U.S.C. § 103(a) that an invention would have been obvious 
to someone of ordinary skill in the art is a conclusion of law based on fact. Panduit Corp. v. 
Denmson Mfg. Co., 810 F.2d 1593 (Fed. Cu'. 1987), cert, deniecl 107 S.Ct. 2187. The Patent 
Office has the initial burden under §103 to establish a prima facie case of obviousness. In re 
Fine, 837 F.2d 1071, 1074 (Fed. Cir. 1988). 

To establish a prima facie case of obviousness, the Patent Office must satisfy three 
requirements. First, the prior ait reference or combination of references must teach or 
suggest all of the limitations of the claims. See In re Wilson, 424 F.2d 1382, 1385 (CCPA 
1970) ("All words in a claim must be considered in judging the patentability of that claim 
against the prior art"), see cdso Princeton Biochemicals, Inc, v. Bechnan Coulter, Inc., 411 
F.3d 1332, 1337 (Fed. Cir. 2005). Furthermore, the teachings must come from the prior att, 
not from the Appellant's disclosure. See In re VaecK 947 F.2d 488, 493 (Fed. Cir. 1991). 

Second, the prior ait relied upon, coupled with the knowledge generally available in 
the art at the time of the invention, must contain some teaching or suggestion that would have 
motivated the skilled artisan to modify a reference or to combine references. Iron Grip 
Barbell Co., Inc., v. USA Sports. Inc., 392 F.3d 1317, 1320 (Fed. Cir. 2004), (see also In re 
Fine, 837 F.2d 1071, 1075 (Fed.CirT988) (teachings of a reference can be combined only if 
there is some suggestion or incentive to do so) (emphasis in the original). Such a requirement 
prevents a hindsight-based obviousness analysis based on the inventor's disclosure. 
Ecolochem Inc., v. So. Cal Edison Co. 227 F.3d 1351, 1371-72 (Fed. Cir. 2000). In addition, 
the mere fact that references can be combined or modified does not render the resultant 
combination obvious unless the prior ait also suggests the desirability of the combination. 
M.P.E.P. §2143.01, citing In re Mills, 916 F.2d 680, 682 (Fed. Cir. 1990). 

As emphasized by the Court of Appeals for the Federal Circuit, to support combining 
references, evidence of a suggestion, teaching, or motivation to combine must be clear and 
paf^iciilar and this requirement for clear and particular evidence is not met by broad and 
conclusory statements about the teachings of references. In 7'e Dembiczcik, 175 F.3d 994, 999 
(Fed. Cir. 1999), see also In re Kotzab, 217 F.3d 1365, 1371 (Fed. Cir. 2000) (there must be 
particular evidence from the prior art as to the reason the skilled artisan, with no knowledge 
of the claimed invention, would have selected these components for combination in the 
manner claimed). 
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The third requirement to establish a prinia facie case of obviousness is that the 
proposed modification or combination of the prior art must provide a reasonable expectation 
of success, determined from the vantage point of the skilled artisan at the time the invention 
was made. See Amgen, Inc. v. Chugai Pharm. Co., 927 F.2d 1200, 1209 (Fed. Cir. 1991); see 
also In re Vaeck, 947 F.2d 488, 493 (Fed. Cir. 1991). 

In the present case, a prima facie case of obviousness has not been established with 
regard to the combinations of presently cited references. No clear and particular evidence has 
been presented from the prior art that provides any motivation to combine. Further, no 
evidence has been presented from the prior art that one of ordinary skill in the art at the time 
the invention was made would have considered the proposed combinations to have any 
reasonable expectation of success. Thus, the outstanding rejections fail to satisfy the Office's 
burden necessary to maintain an obviousness rejection. 

IL Claims 1. 3. 5-^7. 21. 23. 24. 63 aed 69 are not obvious under 35 U,S,C, § 103(a) 
over Ling et al. (HortSci 32: 122-124 (1997)). in view of Loh et aL (Annals of BoL 
84:155-161 (1999)) as defined by Dice et aL (Ecology 26:297-302 (1945)). 

The Final Office Action dated August 2, 2007 maintains the rejection of claims 1, 3, 
5-7, 21, 23-24, 63 and 69 as allegedly unpatentable under 35 U.S.C. § 103(a) for obviousness 
over Ling et al. in view of Loh et al. (Annals of Botany 84:155-6L 1999) as fuither defined 
by Dice. Final Action, page 5. According to the Final Action, "Ling et al. teaches a method 
of distinguishing genetic relationship and diversity betv^/een Poinsettia cultivars, including 
breeding family 'Freedom'." Final Action, page 5. The Final Action further states that "Loh 
et al. teach a method using AFLP marker protocol to identify and study intra-and inter- 
specific variations in Caladium bicolor cultivars, an omamenta] asexual plant/' and that "Loh 
et al. teach using AFLP markers is useful in differentiating cind characterizing cultivars within 
a Caladium species." Final Action, page 6-7. The Action concludes that it would have been 
"obvious to one of skill in the art at the time the invention was made to improve the method 
of identifying poinsettia cultivars by RAPD markers taught by Ling et aL to include the 
AFLP marker assay as taught by Loh et aL" and that the "ordinary artisan would have had a 
reasonable expectation of success in using AFLP marker assay taught by Loh et al. in the 
method taught by Ling et al. of Poinsettia cultivar genetic analysis because Loh et al. teach 
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using AFLP marker to identify inter- and intra-cultivars in C bicolors. an ornamental asexual 

plant, like that of Pomsettia cultivars " Final Action, page 7. Applicants respectfully 

disagree. 

The Ling et ak reference does not disclose or suggest a naethod of estimating a genetic 
relationship between poinsettia plants, a method of determining the profile similarity between 
a poinsettia plant and a known poinsettia cultivar, a method of assessing the breeding history 
of a poinsettia plant, a method of determining whether a poinsettia plant is a representative of 
a known poinsettia cultivar, or a method of distinguishing a poinsettia cultivar from a known 
poinsettia cultivar using AFLP analysis as recited by the present claims. As conceded by the 
outstanding rejection, Ling et ak concerns RAPD analysis. Further, Ling et ak uses RAPD 
analysis to compare the DNA of poinsettia cultivars from widely differing groups and as a 
result the RAPD markers used would not have to have been robust to distinguish these 
cultivcirs. {See Moyer Declaration, para. 4, submitted concuirently with the response dated 
May 23, 2005; hereinafter "the Moyer Declaration") (copy enclosed at Appendix B). 
Accordingly, Ling et ak, alone or in any combination, does not render obvious the present 
invention utilizing AFLP analysis to distinguish among and between closely related 
poinsettia cultivars. 

The outstanding rejection is based on the premise that Loh et ak provides the 
motivation for one of ordinary skill in the art to apply AFLP analysis to poinsettia because 
Loh et ak used this technique to evaluate Caladium cultivars. How^'ever, there is absolutely 
no suggestion in the cited Loh et ak publication that AFLP analysis could be applied to 
poinsettia or even a more general statement that AFLP analysis W'ould be suitable for the 
study of oniamental plants other than Caladium, Loh et ak is solely concerned with 
Caladium and the applicability of AFLPs to Caladium. cultivars. 

Caladium is a monocot and is entirely unrelated to the poinsettia, which is a dicot. 
One of ordinary skill in the art would not have considered results m distantly related plants, 
such as Caladium is to poinsettia, to be applicable to one another. The taxonomic 
relationship of poinsettia and Caladium. is presented in a document identified as Appendix A, 
which was submitted concuirently with the response dated May 12, 2006 (copy attached at 
Appendix B). Further, this taxonomic relationship is discussed in detail in the Supplemental 
Declaration by Dr. Moyer under 37 C.F.R. § 1.132 (submitted concuiTcntly with the 
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response, dated May 12, 2006; hereinafter "the Moyer Supplemental Declaration") (copy 
attached at Appendix B). 

As these documents show and as mentioned above, Caladium is not even in the same 
taxonomic class as poinsettia, that of the dicots. (Moyer Supplemental Declaration, para. 4). 
One of skill in the ait would be well aware of the distant relationship between poinsettia and 
the reference plant, Caladiuni. As such, the work aimed at Caladium, as disclosed in the 
cited reference would have provided absolutely no motivation to one of skill in the art with 
respect to the present invention. Therefore, one of skill in the art would not have found the 
Appellants' achievement in poinsettia obvious in light of results in such a distantly related 
plant, alone or in any combination. In sum, Loh et al. does not suggest application of AFLP 
analysis to poinsettia to one of ordinary skill in the ait. Loh et aL does not teach or suggest 
that their findings could be applied broadly to other plants, much less to poinsettia in 
particular. Nor do they suggest that if tried, the ordinary person of skill in the art would have 
had a reasonable expectation of success. 

Additionally, contrary to the assertion in the Final Action, Caladium is not an asexual 
ornamental plant but rather new cultivars of Caladium are developed by hvbridization . See 
Loh et al., page 155, first paragraph. Caladium is asexually reproduced for the purpose of 
propagation of the various cultivars for commercial sale, but sexual reproduction is used to 
develop new cultivars. Id. A hybrid is defined as "offspring of two parents that differ in one 
or more heritable characteristics; offspring of two different varieties or of two different 
species (see Raven et al., Biology of Plants, Worth Pub., N.Y., N.Y. (1992), page 747) (copy 
of page 747, submitted concuiTently with the response dated May 12, 2006). Hybridization 
leads to much greater genetic diversity than does asexual reproduction and thus, as a result of 
hybridization, each new Caladium cultivar would be relatively genetically diverse as 
compared to any plant that is asexually reproduced, such as poinsettia. 

The Final Action further states: 

Loh et al. teach a method of identifying particular C. bicolor cultivars as well 
as identifying new cultivars (see abstract) and therefore not all of the plants 
assayed by Loh et al. were propagated by hybridization and the genetic 
diversity of C. bicolor is nairow, as taught by Loh et al. (see figure 4). 
Final Action, page 19. 
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Appellants respectfully disagree with the inteipretation of the Loh et al. abstract. The 
portion of the abstract that is referenced in the Final Action specifically states that "[t]he use 
of AFLP has potential for precisely characterizing and identifying particular caladium 
cultivars as well as for the registration of new cultivars." (Loh et aL, Abstract, emphasis 
added). Clearly, this statement has nothing to do with how cultivars of Caladiunt are 
developed and cannot be construed to mean that the plants of Loh et al. were reproduced by 
any means other than hybridization as is stated in the text of the publication. See Loh et al., 
page 155, first paragi'aph. Nowhere does Loh et al. indicate that caladium cultivars are 
developed any way other than through hybridization. 

Furthermore, nothing in Loh et aL states that the " genetic diversity of C. bicolor is 
naiTOw." Figure 4 of Loh et aL shows a UPGMA cluster analysis of AFLP data for the 
caladium cultivars. The data from Table 4 were used for the UPGMA cluster analysis. These 
data show the genetic diversity estimates to be about 0.2 for all cultivars. Nowhere in Loh et 
al. is this described as nan"Ow. In fact, other researchers looking at genetic diversity estimates 
of other plant species have not necessarily considered such a number to reflect narrow genetic 
diversity, (e.g., Osman et aL Plant Physiology 131: 1294-1301 (2003)) 

In contrast to Caladium, genetic variation in poinsettia is achieved by selection of 
sports (defined as a sudden deviation from type: a mutation) or naturally occuiring or induced 
mutations (which are primarily radiation-induced mutations) rather than by breeding 
techniques such as hybridization. As a result, the genetic base of poinsettia is very naiTOW. 
One of ordinary skill in the art would not have concluded that the methods of Loh et aL with 
Caladium would have had a reasonable expectation of success if applied to an asexually 
reproduced and thus, much less genetically diverse plant, such as poinsettia. 

Prior to the studies described in the present application, it would not have been at all 
obvious that AFLP fingerprinting analysis could be successfully appHed to poinsettia {see 
Moyer Declaration, para. 5). As Dr. Moyer points out, although there were some reports of 
AFLP analysis in other ornamental plants, one of ordinary skill in the art would remain 
uncertain from these studies whether there would be sufficient inter-cultivar diversity among 
poinsettias tobe detectable by AFLPs {Id, at para. 5). 

This lack of an expectation of success is further emphasized by Dr. Moyer's research 
using microsatellite simple sequence repeat (SSR) analysis with poinsettia. This research and 
its outcome were reported in the Moyer Declaration (para. 8-13). Dr. Moyer found that SSR 
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analysis failed to differentiate poinsettia cultivars. Id at para. 12-14. SSR analysis should 
have worked as well or even better than AFLP analysis since SSR markers tend to have a 
higher level of heterozygosity and a generally greater level of somatic stability than AFLP 
markers. Id. at para. 13. SSR analysis has been shown to be applicable to a variety of plant 
species with success in determining genetic relationships. (See Pejic et al., Theor. AppL 
Genet, 97:1248-1255 (1998) and Russell et ah, Theor, AppL Genet, 95:714-722 (1997); 
submitted concurrently with the response dated May 12, 2006). Thus, assuming, arguendo, 
as in the Final Action, and all previous Office Actions, that one of ordinary skill in the art 
would have had a reasonable expectation of success using AFLP analysis on poinsettia based 
on prior art using the AFLP method with other plant species, then it would also be assumed 
that one of ordinary skill in the ait would have a reasonable expectation of success using SSR 
analysis in poinsettia. However, as shown in Dr. Moyer's data, the approach using SSR 
analysis failed in poinsettia. From his data, it appears that the narrow genetic base of 
poinsettia lacks polymoiphisms in the SSR loci, {see Moyer Declaration, para. 13). Thus, 
with this result in mind, it would be clear to one of ordinary skill in the art that the use of 
such technologies as SSR, RFLP, RAPD, AFLP, etc. to distinguish between and among 
poinsettia cultivars would not have been obvious. Accordingly, success using such 
technologies in poinsettia would be uncertain and that each would need to be tried out 
empirically- 

In response to appellants' presentation of these data to the Examiner, the Final Action 
asserts that SSR analysis is not as sensitive a technique as AFLP (implying that it is not 
unexpected that SSR analysis would not work but one would still expect that AFLP analysis to 
be successful). Appellants disagree with this assertion. Any conclusion that one technique is 
more sensitive than another needs to be made on a species by species basis. In fact, Russell et 
ah, in their repoit comparing the levels of genetic vaiiation among barley accessions detected by 
RFLPs, AFLPs, SSRs and RAPDs, state "[I]ndeed, whenever SSRs have been compared to 
other systems, they have always revealed the highest levels of polymorphisms." (Russell et al., 
Theor. AppL Genet. 95:714-722 (1997); page 719, first full sentence; copy enclosed herewith 
in the Evidence Appendix B; copy originally submitted concuiTently with the response dated 
May 12, 2006). For this point they cite to the work of seven other research groups. 
Additionally, Pejic et al. found that among all of the methods tested, including SSR, RFLP, 
AFLP and RAPD, "the SSR data provided the highest level of discrimination between any pair 



Attorney Docket No. 5051-445 
Application No.: 09/912,072 
Filed: July 24, 2001 
Page 12 of 20 

of inbreds." Pejic et al.,Thec?r. Appl Genet, 97:1248-1255 (1998); page 125 L. last full 
sentence; copy enclosed herewith in the Evidence Appendix B; copy originally submitted 
concuixently with the response dated May 12, 2006). Pejic et al. further state that "[T]he 
present data indicate on average SSRs cairy two-fold more infomiation that AFLPs and 
RAPDs." (Pejic et al., page 1251; second full paragraph). Therefore, Appellants respectfully 
submit that it is clearly incoixect to make the generalization that SSRs are less sensitive than 
AFLPs. Accordingly, in view of the foregoing, Appellants reassert that one of ordinary skill 
in the art could not have had any reasonable expectation of success prior to the present 
invention that sufficient polymorphisms detectable by AFLP would exist among poinsettia 
cultivars (Moyer Declaration, para. 6). 

In further response to Appellants' arguments that it was uncertain whether there would 
be sufficient inter-cultivar diversity among poinsettias that would be detectable by AFLPs, 
the Final Action states that "several articles reveal AFLP analysis was capable of detecting 
very similar genomic variations at the time the application was filed." Final Action, page 19. 
The articles that the Final Action cites are publications in which AFLP analysis is performed 
on isolates of Bacillus anthracis and Escherichia coli, both bacteria. 

One of ordinary skill in the art wishing to analyze genetic diversity within a 
population of complex multicellular eukaryotes such as plants would not consider 
publications applying AFLP analysis to bacteria to be at all relevant. These organisms are 
not ni the same taxonomic kingdom; one group is prokaryotic and the other eukaryotic. The 
genetic complexity of plants as compared to bacteria is dramatically different, with plants 
being many times more complex. One of ordinary skill in the art would not look to AFLP 
analysis of bacteria for guidance in performing AFLP analysis in a plant. Nor would such 
publications provide one of ordinary skill in the art any reasonable expectation of success as 
to application of AFLP technology to plants, much less specifically to poinsettia. As 
discussed previously, even AFLP analysis using different plants has little relevance to 
whether the application of that technology to any particular plant would be successful. 
Publications regarding bacteria would have even less relevance. Furthermore, in contrast to 
the assertion in the Final Action, one of the cited bacterial references, Arnold et al., states that 
the population of bacterial strains studied was "a genetically diverse group" (Arnold et al., 
page 1274, last sentence to page 1275, first sentence). The other reference, Keim et aL, states 
that "the advantage of this system was the ability to screen a large number of potentially 



Attorney Docket No. 5051-445 
Application No.: 09/912,072 
Filed: July 24, 2001 
Page 13 of 20 

diverse strains across a relatively large percentage of the B, anthacis genome." (Keim et al., 
page 216, para. 1). Thus, it is not clear that these references even stand for the proposition 
made in the Final Action, that AFLP analysis was capable of detecting very similar genomic 
variations at the time the application was filed. Therefore, in view of the foregoing. 
Appellants assert that one of ordinary skill in the art could not have had any reasonable 
expectation of success prior to the present invention that sufficient polymorphisms detectable 
by AFLP would exist among poinsettia cultivars. 

The Court of Appeals for the Federal Circuit has held that "[b]oth the suggestion and the 
expectation of success must be founded in the prior art, not in the applicant's disclosure." In re 
Dow Chemical, 5 USPQ2d 1529, 1531 (Fed. Cir. 1988). Furthermore, what is required under 
35 U.S.C, § 103 is an "as a whole" assessment of the invention which further requires a 
showing that an artisan of ordinary skill in the art at the time of invention, confronted by the 
same problems as the inventor and with no knowledge of the claimed invention, would have 
selected the various elements from the prior art and combined them in the claimed manner. 
Ruiz V. A.5. Chance Co., 357 F.3d 1270, 1275 (Fed. Cir. 2004), see also Princeton 
Biochemicah\ Inc., v. Beckman Coulter, Inc., 411 F.3d 1332, 1337 (Fed Cir. 2005). These 
criteria are not satisfied by the outstanding obviousness rejection. Simply identifying all of the 
elements in a claim in the prior art does not render a claim obvious. Ruiz v A.B. Chance Co., 
357 F.3d at 1275. 

At most, the combination of the Ling et al., Loh et al. and Dice would have made it 
obvious to try to apply AFLPs to poinsettia cultivars. However, "obvious to try" is not the legal 
standard for obviousness under section 103. In the absence of any suggestion or demonstration 
whatsoever in any of the cited references that AFLP analysis would be appropriate for the study 
of poinsettias and given the lack of any close relationship between poinsettia and the plants 
studied in the cited references, there could have been no reasonable expectation of success with 
respect to the present invention. Thus, the teachings of Ling et al. in view of Loh et al. as 
defined by Dice would have pi*ovided neither the motivation to combine nor a reasonable 
expectation of success to one of ordinary sldll in the ail with respect to the present invention, 
both of which are legally required to maintain the outstanding rejection. 

In view of the foregoing. Applicants respectfully submit that the claimed subject matter 
is nonobvious over Ling et al. in view of Loh et aL as defined by Dice, and respectfully request 
that the outstanding rejection under § 103(a) be withdrawn. 
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III, Claims 1. 3. 5-7. 21. 23. 24, 30, 63 and 69 are not obvious under 35 U.S.C, § 
103(a) over Ling et al>. in view of Barcaccia et alo (X Horticultural Science and 
Biotechnology 74:243-50. (1999)) as defined by Dice et aL 

The Final Action dated August 2, 2006 has maintained the rejection of claims 1,3,5- 
7, 21, 23-24, 30, 63 and 69 as allegedly unpatentable under 35 U.S.C. § 103(a) over Ling et 
al. in view of Barcaccia et al., as defined by Dice. The Ling et al. reference has been 
addressed above and in the prior response and in the Moyer Declaration. The deficiencies of 
Ling et aL are not remedied by the teachings in Barcaccia et al. concerning Pelargonium or 
the analytical methods of Dice. The AFLP work in Pelargonium reported by Barcaccia et al. 
is not relevant to poinsettias, and would not have provided the motivation or reasonable 
expectation of success with respect to the claimed invention that are legally required to 
maintain the present rejection. 

As a preliminary matter, applicants note that Pelargonium or geranium is taxonomically 
unrelated to poinsettia. The taxonomic relationship of poinsettia and geranium is presented in 
a document identified as Appendix A, which was submitted concuiTendy with the response 
dated May 12, 2006 (copy attached at Appendix B). Further, this taxonomic relationship is 
discussed in detail in the Moyer Supplemental Declaration (copy attached at Appendix B). 

As these documents show poinsettia and geranium are in entirely different taxonomic 
orders, with poinsettia being in the Euphorbiales and geranium being in the Geraniales. Id As 
Dr. Moyer states, in the Order Euphorbiales, alone, the diversity of the plants represented is 
enoraious much less when one starts comparing plants inside the Euphorbiales order to those 
outside, such as the Geraniales. (Moyer Supplemental Declaration, para. 8). One of ordinary 
skill in the art would have recognized the enormous differences between geranium and 
poinsettia and would not have found the application of AFLP analysis to geranium to teach, 
suggest or motivate one to apply AFLP analysis to the poinsettia. Id at para. 8-9. Further, even 
if tried, the work with AFLPs and geranium would have failed to provide to one of ordinary skill 



Attomey Docket No. 5051-445 
Application No.: 09/912,072 
Filed: July 24, 2001 
Page 15 of 20 

in the ait a reasonable expectation of success in its application to poinsettia, due to the 
recognition of the very distant relationship between the two species. Id. 

Additionally, it should be noted that the data in Barcaccia et al. was generated using a 
very small number (ten) of geranium plants of entirely unknown genetic origin . The only 
infonnation available about these plants is phenotypic, which appears to divide nine of the 
plants into two populations; the very same populations that the AFLP analysis detects. The 
tenth plant was a decayed flower from which no certain phenotypic data could be gotten and 
this fell into a third AFLP grouping. Barcaccia et al. presents no evidence that any of these 
plants represented different cultivar populations at all. There is simply no infonnation as to 
the genetic similarity or dissimilarity of the plants used. Without any information on the 
genetic background of the plants used for the analysis, one of ordinary skill in the ait would 
not have concluded based on Barcaccia et al. that AFLP analysis was successful in 
distinguishing even geranium cultivars, much less that the same technique could be appHed 
successfully to distinguish between and among poinsettia cultivars. At most, one could say 
that this group of ten geraniums fell into three apparent groupings but since nothing is known 
about the plants nothing can be said regarding the ability of the technique to distinguish 
geranium cultivars. 

In response to this argument the Final Action states: 

The response has been thoroughly reviewed but not found persuasive. It is 
noted that the claims are drawn to a method of estimating a genetic 
relcitionship and the claims do not require that genetic origin of the plant be 
known. 
Final Action, page 23. 

Appellants respectfully submit that this is incoiTect. In fact, independent claims 1, 3, 

63, and 69 recite that the plant to which the poinsettia plant is being compared be either 

"known" or be "a representative member of a specific breeding family" (which would require 

that the representative member's breeding be known). In order to be able to make any 

statement regarding the ability of a particular technique to estimate a genetic relationship, to 

assess the breeding history, to determine whether one particular plant is a representative of a 

known cultivar or to distinguish between one cultivar from another known cultivar, it is 

necessary to have information regarding the genetic origin of the reference plant(s)- 

Accordmgly, because Barcaccia et al. utilizes only geranium plants of entirely unknown 

genetic origin, one of ordinary skill in the art would not have concluded, based on Barcaccia 
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et ah, that AFLP analysis was successful in distinguishing even geranium culti.vars, much less 
that the same technique could be applied successfully to distinguish between and among 
poinsettia cultivars. 

The Final Action states that Barcaccia et al. was not cited for its relationship to 
poinsettia. However, Appellants contend that the outstanding rejection draws a direct 
connection between work in geranium and the present invention in poinsettia. Final Action, 
page 22. This rejection is based on the premise that there would have been motivation to 
combine work done in geranium (Barcaccia et al.) with work done in poinsettia (Ling et ah), 
and, further, that the use of AFLP analysis in geranium would render obvious the use of AFLP 
analysis in poinsettia (this is the same premise upon which every obviousness rejection in the 
present case is based). Appellants' arguments regarding the distinctness of geranium and 
poinsettia are directed to the legally deficient foundation of the outstanding rejection; because 
there is no genetic relationship between geranium and poinsettia, (1) there would be no 
motivation to combine the cited references, and (2) even if the references were so combined 
there would not have been any reasonable expectation of success with respect to the present 
invention. Accordingly, the outstanding rejection over Ling et al. in view of Barcaccia et al. and 
Dice IS legally insufficient to establish a.prinia facie case of obviousness and should be 
withdrawn - 

Finally, the Final Action states: 

The response asserts that Barccaccia did not evaluate the breeding history of the plant 
because breeding history refers to methods that provide infonmation regarding the 
pedigree of the plant. This response has been reviewed but is not found persuasive as the 
claims do not require the pedigree of the plant. Furthermore, Barcaccia et al. teach using 
AFLP markers to identify the genetic relationship (identity vs. diversity) (breeding 
history) between a found flower and another plant (see page 244, L^ column, 2" full 
paragraph). Therefore, Barcaccia et al. teach using AFLP markers to identify the 
breeding history of a plant (the found flower to a known plant). Therefore, Barcaccia et 
al. teach using AFLP markers to evaluate the breeding history of an asexual plant. 
Final Action, pages 26-25. 

Appellants reiterate that forensic work of Bai'caccia et al. in comparing a found geranium 

flower of unknown origin with another geranium plant of unknown origin did not "evaluate the 

breeding history" of the plant as recited in claim 3 of the present application. Evaluation of the 

breeding history as used in the present invention refers to methods that provide information 

regarding the pedigree of the plant, for example, whether a plant is "essentially derived" from 
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another plant or whether the reference plant was otherwise part of the pedigree of the new plant. 
One of the unexpected discoveries of the present inventors was that the presently claimed 
invention can be used to evaluate breeding history. None of the cited references, including 
Barcaccia et ah, give any inkling whatsoever that AFLP analysis, or any other genetic analysis 
technique, can be used to evaluate breeding history in any plant, much less poinsettia as 
presently claimed. The plants used in the Barcaccia et al. study are of unknown genetic oiigin. 
Thus, the breeding history of these plants was not known and the breeding history of the 
unknown flower could not have been detennined from these unknown plants. As a result, one of 
ordinary skill m the ait would not consider Barcaccia et al., or any of the other cited references, 
as providing any teaching or suggestion that AFLP analysis, or any other genetic analysis 
technique, could be used to evaluate breeding histoiy in any plant, much less poinsettia as 
presently claimed, wherein a plant is compared to another plant that is a representative member 
of a specific breeding family and is therefore known. 

For the reasons set forth above, it is respectfully submitted that claims 1, 3, 5-7, 21, 
23-24, 30, 63 and 69 are patentable over Ling et al. in view of Barcaccia et al. as defined by 
Dice and appellants respectfully request that this rejection be withdrawn. 

IV, Claims L 3. 5°7. 2L 23. 24. 30. 63 and 69 are not obvious under 35 U.SX, § 
103(a) over Ling et aL., in view of Sukhwioder et aL (Crop Inwrovement 25:15-20 
(1998)) as defined by Dice et aL 

The Final Action dated August 2, 2006 has maintained the rejection of claims 1,3,5- 
7, 21, 23-24, 30, 63 and 69 as allegedly unpatentable under 35 U.S.C. § 103(a) over Ling et 
al. in view of Sukhwinder et al. as defined by Dice. The Ling et al. reference has been 
addressed in detail above and in the Moyer Declaration. The deficiencies of Ling et al. are 
not remedied by the teachings in Sukhwinder et aL, which concerns rice, or by the analytical 
methods of Dice. The AFLP work in rice reported by Sukhwinder et al. is not relevant to 
poinsettias and W'ould not have provided the motivation to combine or any reasonable 
expectation of success with respect to the claimed invention that are legally sufficient to 
maintain the present rejection. As Dr. Moyer states, rice is entirely unrelated taxonomically 
to poinsettia. (Moyer Supplemental Declaration, para. 5). They are not even in the same 
taxonomic class, as rice is a monocot and poinsettia is a dicot. (Supplemental Moyer 
Declaration, para. 4) One of ordinary skill in the art would not consider results in such 
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distantly related plants, such as rice is to poinsettia, to be applicable to one another. Id, at 
para. 9. 

Additionally, in view of the unpredictability of genetic fingeipnnting in poinsettia 
(discussed previously in detail above on page 1 1, second full paragraph through page 12, first 
sentence, and in the Moyer Declaration, para. 15), the use of AFLPs in poinsettias would not 
have been at all obvious to one of ordinary skill in the ait based on Ling in view of 
Sukhwinder's work and further in view of the methods of Dice prior to the present invention. 

In light of the discussion above, it is respectfully requested that the obviousness 
rejection over Ling et al, m view of Suldiwinder et al. as defined by Dice be withdrawn, 

V. Claims 1, 3. 5. 6, 21, 23, 30, 63 and 69 are not obvious under 35 U,S.C, § 103(a) 
over Ling et aL, in view of Barker et al. {Genome 42:173°183 (1999)) as defined 
by Tulloss (Offprint from Palm and Chapel, eds,. (1997)). 

The Final Action has also maintained the rejection of claims 1, 3, 5, 6, 21, 23, 30, 63 
and 69 as allegedly unpatentable under § 103(a) over Ling et aL in view of Barker et al. as 
defined by Tulloss. The Ling et al. reference has been addressed in the precednig sections of 
this Appeal Brief and m the Moyer Declaration. The discussions in Barker et aL regarding 
willow and/or the analytical methods of Tulloss et al. do not remedy the deficiencies of the 
Ling et al. reference. Again, the AFLP work in willow reported by Barker et ah is not 
relevant to poinsettias and would not provide the requisite motivation or any reasonable 
expectation of success with respect to the present invention. Willow trees are unrelated 
taxonomically to poinsettia. (Moyer Supplemental Declaration, para. 7). They are in entirely 
different taxonomic subclasses, with willow in the Dilleniidae subclass and poinsettia in the 
Rosidae subclass. Id, at para. 7-8. One of ordinary skill in the art would not consider results 
in such distantly related plants, such as willow tree is to a poinsettia plant, to be applicable to 
one another. Id, at para. 9. 

Additionally, in view of the unpredictability of genetic fingerprinting in poinsettia 
(discussed in detail above on page 11, second full paragraph, thi'ough page 12, first sentence, 
and in the Moyer Declaration, para. 15), the use of AFLPs in poinsettias could not have been 
at all obvious to one of ordinary skill in the art based on Ling in view of Barker's work and 
further in view of the methods of Tulloss prior to the present invention. 
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Accordingly, it is submitted that the present invention is patentable over Ling et aL in 
viev^^ of Barker et al. as defined by Tulloss, and request that the outstanding rejection under 
§ 103(a) on this basis be withdrawn. 

In light of the entire record and the above discussion. Applicants respectfully submit 
that claims 1, 3, 5-7, 21, 23-24, 30, 63 and 69 are patentable over Ling et al. in view of Loh et 
al, Barcaccia et al., Sukhwinder et al or Barker et al. as defined by Dice or Tulloss. 
Accordingly, Applicants respectfully request reversal of the pending rejection of claims 1,3, 
5-7, 21, 23-24, 30, 63 and 69 and that this case be passed to issuance. 
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CLAIMS APPENDIX 

What is claimed is: 

1. (Previously presented) A method of estimating a genetic relationship between 
a poinsettia plant and a known poinsettia cultivar, the method comprising the steps of: 

(a) obtaining a DNA fingerprint of the poinsettia plant's genomic DNA by AFLP, 
the fingerprint comprising a collection of amplified polymorphic restriction fragments; 

(b) comparing the fingerprint obtained in (a) with a genomic DNA 
fingerprint of the known poinsettia cultivar; and 

(c) estimating the genetic relationship between the plant and the cultivar 
by determining the degree of similarity between the fingerprints. 

2. (Previously presented) The method of Claim 1, wherein the amplified 
polymorphic restriction fragments comprise DNA sequences that include DNA sequences 
SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35, and 37. 

3. (Previously presented) A method of assessing the breeding history of a first 
poinsettia plant, comprising: 

(a) obtaining a DNA fingerprint of the genomic DNA of a first poinsettia plant by 
AFLP, wherein the fingerprint comprises a set of amplified polymorphic restriction 
fragments; 

(b) comparing the fingerprint of the first poinsettia plant with a fingerprint of the 
genomic DNA of a poinsettia plant that is a representative member of a specific breeding 
family, wherein the fingerprint comprises a set of amplified polymorphic restriction 
fragments; and 

(c) generating a profile index value based on the comparison of the fingerprint of 
the first poinsettia plant with the fingerprint of the poinsettia plant that is a representative 
member of a specific breeding family, thereby assessing the breeding history of a poinsettia 
plant. 



In re: Moyer et al.. 
Application No.: 09/912,072 
Filed: July 24, 2001 
Page 2 of 5 

4. (Previously presented) The method of Claim 3, wherein the amplified 
polymorphic restriction fragments comprise DNA sequences that include DNA sequences 
SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35, and 37. 

5. (Previously presented) The method of Claim 3, wherein the specific breeding 
family is selected from the group consisting of the Freedom, Peterstar, and Sonora breeding 
family. 

6. (Original) The method according to Claim 3, wherein the AELP analysis is 
carried out by first digesting the genomic DNA with a restriction enzyme that has a 
tetranucleotide recognition site and a restriction enzyme that has a hexanucleotide recognidon 
site. 

7. (Original) The method according to Claim 6, wherein the restriction enzyme 
that has a tetranucleotide recognition site is Msel, and the restriction enzyme that has a 
hexanucleotide recognition site is EcoRL 

8-9 (Canceled). 

10. (Previously presented) The method of Claim 3, wherein the fingerprint of the 
genomic DNA of the first poinsettia plant is used to generate a profile of the poinsettia plant, 
wherein the profile comprises the set of amplified polymorphic restriction fragments that 
comprise DNA sequences that include the DNA sequences SEQ ID NOS: 12, 20, 21, 22, 23, 
24, 34, 35, and 37; and wherein (b) comprises comparing the profile of the poinsettia plant to 
a profile generated from the fingerprint of the poinsettia plant that is a representative member 
of a specific breeding family, wherein the profile of the poinsettia plant that is a 
representative member of a specific breeding family comprises the set of amplified 
polymorphic restriction fragments that comprise DNA sequences that include the DNA 
sequences SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35 and 37. 

11. (Previously presented) The method of Claim 10, wherein the profile of at least 
one of the first poinsettia plant and the profile of the poinsettia plant that is a representative 
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member of a specific breeding family is stored in a database comprising profiles of known 
poinsettia cultivars, and wherein the profiles of the known poinsettia cultivars comprise the 
set of amplified polymorphic restriction fragments that comprise DNA sequences that include 
the DNA sequences SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35, and 37. 

12-20 (Canceled). 

21. (Previously presented) A method of determining the profile similarity of a 
first poinsettia plant to a second poinsettia plant, comprising: 

(a) obtaining a DNA fingerprint of the genomic DNA of a first poinsettia plant by 
AFLP, wherein the fingerprint comprises a set of amplified polymorphic restriction 
fragments; 

(b) comparing the fingerprint of the first poinsettia plant with a fingerprint of the 
genomic DNA of the second poinsettia plant, wherein the fingerprint comprises a set of 
amplified polymorphic restriction fragments; and 

(c) generating a profile index value based on the comparison of the fingerprint of 
the first poinsettia plant with the fingerprint of the second poinsettia plant, thereby estimating 
the profile similarity of the first poinsettia plant to the second poinsettia plant. 

22. (Previously presented) The method according to Claim 21, wherein the 
amplified polymorphic restriction fragments comprise DN A sequences that include DNA 
sequences SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35, and 37. 

23. (Original) The method according to Claim 21, wherein the AFLP analysis is 
carried out by first digesting the genomic DNA with a restriction enzyme that has a 
tetranucleotide recognition site and a restriction enzyme that has a hexanucleotide recognition 
site. 

24. (Original) The method according to Claim 23, wherein the restriction enzyme 
that has a tetranucleotide recognition site is Msel, and the restriction enzyme that has a 
hexanucleotide recognition site is EcoRL 



In re: Moyer et al. 
Application No.: 09/912,072 
Filed: July 24, 2001 
Page 4 of 5 

25-26 (Canceled). 

27. (Previously presented) The method of Claim 21, wherein the fingerprint of 
the genomic DNA of the first poinsettia plant is used to generate a profile of the poinsettia 
plant, wherein the profile comprises the set of amplified polymorphic restriction fragments 
that comprise DNA sequences that include the DNA sequences SEQ ID NOS: 12, 20, 21, 22, 
23, 24, 34, 35, and 37; and wherein (b) comprises comparing the profile of the poinsettia 
plant to a profile generated from the fingerprint of the second poinsettia plant, wherein the 
profile of the second poinsettia plant comprises the set of amplified polymorphic restriction 
fragments that comprise DNA sequences that include the DNA sequences SEQ ID NOS: 12, 
20, 21, 22, 23, 24, 34, 35, and 37. 

28. (Previously presented) The method of Claim 27, wherein the profile of at least 
one of the first and the second poinsettia plants is stored in a database comprising profiles of 
known poinsettia cultivars, and wherein the profiles of the known poinsettia cultivars 
comprise the set of amplified polymorphic restriction fragments that comprise the DNA 
sequences SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35, and 37. 

29. (Original) The method according to Claim 28, wherein the database is stored 
in a computer-readable storage medium. 

30. (Original) The method according to Claim 21, wherein the comparing step is 
carried out by a computer. 

31-51 (Canceled). 

52. (Previously presented) The method of claim 64, wherein the comparison 
between the profile of the poinsettia plant and the known poinsettia cultivar is carried out by 
a computer. 



53-62 (Canceled). 
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63. (Previously amended) A method of determining whether a poinsettia plant is a 
representative of a known poinsettia cultivar, comprising: 

(a) obtaining a DNA fingerprint of the genomic DNA of a poinsettia plant by 
AFLP analysis; and 

(b) comparing the fingerprint of (a) with a fingerprint of the genomic DNA of the 
known poinsettia cultivar; 

wherein the poinsettia plant is a representative of the known poinsettia cultivar if the 
fingerprint of the poinsettia plant and the fingerprint of the known poinsettia cultivar have the 
same complement of polymorphic bands. 

64. (Previously presented) The method according to Claim 63, wherein the DNA 
fingerprint of the genomic DNA is a set of amplified polymorphic restriction fragments, and 
wherein the amplified polymorphic restriction fragments comprise DNA sequences that 
include DNA sequences SEQ ID NOS: 12, 20, 21, 22, 23, 24, 34, 35, and 37. 

65-68 (Canceled). 

69. (Previously presented) A method of distinguishing a poinsettia cultivar from a 
known poinsettia cultivar, comprising: 

obtaining a DNA fingerprint of the genomic DNA of a poinsettia plant by AFLP 
analysis and; 

comparing the fingerprint of (a) with a fingerprint of the genomic DNA of the known 
poinsettia cultivar; 

wherein the poinsettia plant is not a representative of the known poinsettia cultivar if 
the fingerprint of the poinsettia plant and the fingerprint of the known poinsettia cultivar are 
not essentially the same. 



70-74. (Canceled). 
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J^SSSl^ ^' Taxonomic relationships between poinsettia and the plant species in the cited 



Kingdom: Plant a 

Subkingdom: Tj'acheobionta - vascular plants 
Superdi vision: Spennatophyta ™ seed plants 

Division: Magnoliophyta - flowering plants 

Class: Magnoliopsida - dicoty\QdoT\s 

Subclass: Dilleniidae 
Order: Salicales 

Family: Salicaceae 

Genus: i^^^Zzx- Willow 

Subclass: Rosidae 

Order: Geraniales 

Family: Geraniaceae 

Genus: Pelargonium - Geranium 

Order: Euphorbiales 
' Family: Euphobiaceae 

Genus: Euphorbia - Poinsettia 

Class: Liliopsida - monocotyledons 

Subclass: Arecidae 
Order: Arales 

Family: Araceae 
Gen us : Caladium 

S ubcl ass : Comme I in idae 
Order: Cyperales 
Family: Poaceae 

Genus: Ory^a- Rice 
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For: IDENTIFICATION OF POINSETTIA CULTIVARS 

Supplemental Decl.r.t;nn of nr ^nrr^r^^}N^Mo m^n6er 37 C.P.^ ^ . 
1. James W. Moyer, dp hereby declare and state as follows: 

23. 2005. ^^'^ P'^'^^'^' - P^-vious declaration submitted May 

i^erein'snerLl^^^^^^^^ ^-S- Patent Application No. 09/912.072 

technology hadfotbLTnutr^-e^ 

species Closely related to poinsettia. ThTaSStbtof J^^^ L^clinnfn' "I 
particular plant species is considered uncertain and?n Lht of fhk tn ^° 1"^ 
relevance of the Loh et al Barcaceia ^ Ik • ^ ^ } ^ ^° assess the 

poinsettia Is fo rice, willow, Pelargonium and CaS™ ^ distantly related 
poinsettia es compared wllh these p™ sh™„ [n Appen^^^^^^^^^ °' 

which ali flowe'^l'ng &tony'Twa'5/hT=l°r"'°," 'he division to 

mrther classlfled caladlum are 

geranium, are dicots (Class MagnoliopsMa). three, poinUettia, willow and 

5, Rice IS further classified into the Subds^R nnn^rm^n r- 
Poaceae, and Genus 0/yza. The CommeSaf^nt^ n, =T 
plants including rushes and sedges cerej rSS^ f " enormous diversity of 
Therefore, it is nearly impossl^te to generates Sno^wit^^^ 

.MlsTenT^i-^^^^^ 

st'?aro?x^^^^^^^ 

grouping including, for example, the mustard faSte n broccom h» hS, 
(e.g., rhododendron and blueberry) and ^e oucu jA^iiy're cuc^u^Slfsfuas^^^^ 
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=uch as willow or brcccCi. ?o ano«.er rll^Ztln 

incre*', d J~;^.?pS^^ 'a^^SB ^^0^ ""^'l^' 

examples of plant families that fall within the RoSLe inri ,h ?^ 
apple family, the legume family Is a Deal =nrt fhf J 'he carrot family, the 

Rosldas subclass also Includes SiscSZ}. ™ ? ? Wood family. In addition, the 
the veo, large and dte^": aShc*ia'o™Sl fam^frn^ Pe/a-pon/™ belongs and 
7,500 species) to which poinsettia belonS fpa^k J^a ""^^^^^^^^ «f 
(2000): C.L. Porter, Taxonomy of F/owerf„g Ss W l^i S-» ^'^"'/S'' <S1:425-434 
P.33a, (1967)). Pe/argon/arr, is further oSlfi^d l^eGl^'Tfnd c?"-' 
Pelsrgonlum peUstum. Poinsettia is In the Genus a/oI„Sr \- u 5^^?^^ ' 
described as one of the larns^t =r,rt mil. , ^''P""'*^. which has been 
1 SOO .r»-° - M i!Tl r r,"^" of flowerino nl.nt. with about 

member in the Subdis R^Sae s^^re"^^^^^^^ ° -"^""t °ne 

This would be difficult even within the single G™ us l"o/,oZ'of''„!^-."'' ^T'"""' 
member, due to its great size and diversity ^^Phorbia, of which poinsettia is a 

and wiWn V•^SonS!:'s^^!TsTJi':^l^i ^-f = -W'-=hips between 
relationship between s^nsM^tni th^^f^,^^ ^ *f "-aware of the distant 
would notf^nd -r ;"h^el?men't fn pote'ro^^^u'st "^^^^ ^"=1 
ri °rpirnlrlh?cr SafA^S ZS^ ^'^^ -pS,rd;:m"'?r'^ven reintm^= 

^^^i^e^b^S^-oSrerrlnto^^freSyrcS:"^ 

is^n?'oror^r.irftrunS^.S^ 

may jeopardize tifvJii^gXIp^lS- c^a^^^te^nflsrd tSL^n'^^ 
ames W. Mover. Ph.D:/ oiti — ^ ^ — 
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r^er^f ^' relationships between poinsettia and the plant species in the cited 



Kingdom; Plantd 

Subkingdom: Tracheobionta - vascular plants 
Superdivision; Spermatophyta - seed plants 

Division: Af^z^tpZfop/z};?^^ - flowering plants - 

Class: Magnolzopsida - dicotyledons 

Subclass: Dilleniidae 
Order: Salicales ' 
Family: Salience ae 

Genus: Salix -Willow 

Subclass: Rosidae 

Order: Geraniales 

Family: Geraniaceae 

Genus: P^Z^ir^oniwm Geranium 

Order: Euphorbiales 

Family: Euphobiaceae 

Genus: -E'^pA^^rZ^za ^Poinsettia 

Class: Lz7j:£?/?jziia - monocotyledons 

Subclass: Arecidae 
Order: Arales 

Family: Araceae 
Genus: Caladium 

Subclass: Commelinidae 
Order: Cyperales 
Family: Poaceae 

Genus: Oryza-Rice 



Attorney's Docket No. 5051-445 PATENT 
!N THE UNITED STATES PATENT AND TRADEMARK OPPICE 

Filed: July 24 2001 ^"'^^ ' 

For: IDENTIFICATION OP POINSETTIA CULTIVARS 

Deciaration of Dr. Ja mes W. Moyer under 37 C.F.R. S 1 .1 32 
I, James W. Moyer. do hereby declare and state as follows: 

Pl^nt pl"^h.r ' ^"l M^;^?o^^°''. °^ '^i^"^ Pathology and Head of the Department of 
Plant Pathology at North Carolina State University. I received my undergraduate 
wo^in ln?'°TH7 Washington State University. I did my masters and doctoral 
work in plant pathology at The Pennsylvania State University. One of the research 
dptptnmTnf f r^°J ^ floral crop program that has focused on techniques for 

tZlS^^ r2l''^l^^^^^^^^ to cultivar identification 

and more recently the development of tools for molecular marker assisted breeding. 

/A. ■ \ named inventor on U.S. Patent Application No. 09/912 072 

(/7ere/na#er"the '072 application"). ' 

rnnnJf^ •L^fu^.nlo'' ^^^,.^°"°w'f^9 Publications cited by the Examiner in 
connection with the '072 application: 

s Ling et al., f/orfSc/ence 32:122-124 (1997) 
a Barcaccia et al., J. Horticultural Science & Biotechnology 74:243- 
250 (1 999) 

« Singh et af., Crop Improv. 25:1 5-20 (1998) {referred to as 
"Sukhwinder et al. ") 

o Barker et al., Genome 42:173-182 (1999) 

4- Ling et al. concerns the use of RAPD techniques to compare the DNA 
of nine commercial poinsettia cultivars. which were from widely differing groups 

lultivoi^ ^ ? ?^ ^'"^ f ''■^ ^^^^ ^° ^°bust ta distinguish these 

thi In ?^ f ^^'^f' ^"""^ Barcaccia et al. applied AFLPs to compare 
the fingerpnnts of cultivars from rice, willow and Pelargonium (geranium) 
respectively. ^' 

h^<=n oK • 1° wo^^ described in the '072 application, it would not have 

es^Lt J^"^ ^l^'- ^^^^ -^^LP ^"^'ys'^ of poinsettias could distinguish and 
mSh fn ?K^" relationships among different cultivars. AFLP analysis had been 

Snn^oH ^"^^r P'^b''C2^'°ns- Some recent wori< with AFLPs had been 

reported in omamental plants including Pelargonium as described by Barcaccia et al 
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However, ft simply was not known whether AFLP anaivsic wnnw ^^i " . ^ . . 
because the'gene pools of ftese pl^TaS^^^ '° 

pedigree-of a broad range of polnSS^^^^^^^t^^f%^^''JP,^f°^ °' 
families would have distinot and closely re ate?fi™»irin,. -^^^^ 
discoveries that came out of Z SSbiTn ^^r."*- *^ ^""1"° 

Polymorphisms are observed in the number of repeats present. 

from = ®" ^PP!°^rnately 700,000 bases of poinsetfia sequence were obtained 
from a genomic library constnjcted of partially diaested TreSriJn^ Pin^' hSa n • 
a computer algorithm, the sequence was scanned SrLS-S^^^^ 

84^7^2^^^^^^^ polynnorph^based on previoufsSSe et\f S^^^ 
a47-854 (2000); Alvarez etal., Thear. AppL Genet ios-i^r-^ 17Q^7'3^A1^^ 

nnucleotide motirs, 4 for tetranucleotide motife, and 4 for penSnudeot de motife As 
far as 1 am aware, no other studies have reported sextanucleotide m^ff^th ° 
minimum number of repeats for this motiT was s^ ^ 4f of 2?Isr' motif. 

&*^en?„*a^^ltgr,nTh;r Slt*a p=S ■ 
P=insetiLp^irent?r/5tStS-^^^^ 
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other cultivars. These groups induded Angelika, Annette Hegg, Calebrata Cortez 
Freedom, Gross, Lilo, Nutcracker, Pepride, Peterstar, Sonora, and V14 Glory. The 4 
additional cultivars selected were 'Winter Rose', 'Pearl', 'Prestige', and 'Snowcap'. 
Duplicate samples of 2 cultivars taken from different plants were used as controls. 

1 1 . twelve of the primer pairs amplified a fragment of the predicted size 
whereas the rest could not be optimized and either did not amplify or resulted in too 
complex a pattern to evaluate. The primer pairs amplified from 1-5 alleles each, with 
an average of 2 alleles. Three primer pairs amplified one allele. Six of the loci were 
polymorphic, with 2 to 4 alleles. Duplicate cultivars consistently amplified the same 
number of alleles. 

1 2. Statistical analysis of the data revealed a narrow range of distances 
and low resolution of cultivars and cultivar groups on a dendrogram (Appendix 1; 
attached). Shared allele distances ranged from 0-0.25. The largest distance, 0.25 
was between the: Hegg group and VI 4 Glory Red; V14 Glory Pink/V14 Glory White 
and Pepride Red, Winter Rose, and the Cortiez group; Winter Rose and the Lilo 
group; and the Sonora group and the Lilo group. Many cuitivar comparisons had a 
distance of 0 and could not be differentiated, as seen in the attached dendrogram. 
Some cultivar groups could be differentiated from each other and fonned unique 
clusters on the dendrogram; Hegg, Cortez, Sonora, and Lilo cuitivar groups fonned 
unique clusters with a distance of 0. Other cultivar groups were divided or clustered 
with unrelated groups. The pink and white cultivars of the Celebrate 2 and VI 4 
Glory groups each fonned unique clusters separate from the Red "parent" cultivars 
of these groups. The white cultivars Angelika White, Snowcap, Nutcracker White, 
and Psari clustered together with a distance of 0. Finally, a large cluster with a 0 ' 
distance was made up of the Freedom, Peterstar, and Gross groups as well as the 
Angelika and Nutcracker groups minus the white cultivars. 

13. As the results described above demonstrate, the power of 
microsatellite techniques to differentiate cultivars was not evident in poinsettia, likely 
due to the narrow genetic base of this crop resulting from the methodologies used in 
poinsettia breeding programs, which rely heavily on mutation breeding and selection 
of sports. This finding is unexpected; based on the known properties of 
microsatsiiites, I would have expected this approach to have worthed as well, or even 
better, than AFLPs in distinguishing poinsettia cultivars (see, e.g., Margante et al., 
Plant J, 3:175-182 (1993); Maguire et al., TAG 104:388-398 (2002). It is known that 
SSR mariners tend to have a higher level of heterozygosity than AFLP mariners due 
to codominance of SSR loci. In addition, SSR markers generally have greater 
somatic stability than AFLP maricers. Finally, SSR techniques ara typically found to 
be more technically reproducible than AFLP. However, from our data, it appears that 
the narrow genetic base of poinsettia lacks polymorphisms in the SSR loci. 

14. RAPD, AFLP and SSR markers are each distinct. RAP D markers 
detect polymorphisms based on hybridization of short primers to random locations in 
the genome, whereas AFLP markers detect polymorphic restriction sites in the 
genome or at least. polymorphisms in close proximity to restriction sites. 
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MicrosaLsllites detect poiymorphisms In the number of short tandem motif repeats 
^^il^^ genome. RAPD. AFLP and SSR would therefore each detect 

a different subset of polymorphisms. The microsatellite data discussed above 
demonstrates that for poinsettia you must detect the "righr polymorphisms in order 
to distinguish among poinsettia cultivars. 

1 5. The nan-QW genetic base of poinsettia and the failure of microsatellite 
analysis to distinguish poinsettia cultivars indicate that there is unpredictability in the 
applicaton of fingerprinting techniques to poinsettia, with each approach needing to 
be evaluated on a case-by-case basis. It therefore would not have been obvioul 
poor to the.experimentation described in the '072 application that sufHcient AFLP 
polymorphisms would be present in the poinsettia gene pool for AFLPs to be 
successful in distinguishing and detemnining genetic relationships among poinsettia 
cultivars. 

16. I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment or 
both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued 
thereon. 



I'ames W. Moyer, Ph.D. / Y 
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^j— Cortex White -| 
Cortez Red 

Winter Rosa 

Prsstiga 



11 



- . T" Sanora Jingle Sells 

M ^ Sonora White 
I p Songra Marbia 
^ Sanora Red 

Cafebrate 2 White n 
Celebrate 2 Pink 

p Peart 

"-^ Nutcracker White 
Snowcap 
Angsllka White 
Pepride Pink H _ 
Pepride Red J ^ 
Freedom Bright Red 
Freedom Rose 
Freedom Jngle Bells 
Freedom White 
Freedom Pink 

Freedom MartDle 
Freedom Red 
Angelika IMarbie-1 
Angeiika Marbla-2 
Angsllka Red 
Angeiika Pink 
Pete r^tar Orange 
Petarstar Marble 
Peteratar White -j g 

Peterstar Jingle Bells 
Peterstar Pink 
Peterstar Red 
Nutcracker Pink n 
Nutcracker Red J 
Gross Heirfoom ~1 g 
Gross Dariyne J 
V1 4 Glory Red 
Celebrate 2 Red 
Variegated Ulo ^ 
UlQ White 



L T" Ulo Marble 



Lilo Red j 
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VI 4 Glory White 
V14 Glory Pink 
Annette Hegg Hot Pink 
Ahnette Hegg Dark Red-2 
Annette Hegg Dark Red-1_^ 



Dendrogram of 44 poinsettia cultivars and 2 duplicates generated with 

SacTeSt? ""'"'h™! f^'^ '^''^"^^ Neighbor-Joining clustering. 

Brackets and numbers denote cultivar groups. Triangles denote clusters of 



cultivars with a distance of 0. 



Glossary 




h^ploid [Gi. haplao, single]: Having only one set of chromosomes 
(nj, m contrast to aploid (2n). f 

hardwood; A name commonly applied to the wood of a dicot tree. 

H^cfy-WeiaB^S la^ mafhematical egression of tixe rdation- 

-^^"^^^^t^^ the frequencies of alleles and gZl^l 
S wT """f""' ^ ' random-mating population in H^^ZZ 
of mbreedmg, selection, or other evolutionary -forces. 

hausiorinm, pj. haustoria [L. Ams^ from Ararire, to drbk drawl- 

sXtSn"'""^^ '^'^ ^^'"^^ - ^ P-etrat^antS 

commonly dark-colored wood in which' 
no water transport occurs; it is surrounded by sapwood. 

heHotropism [Gk. kelics, sun]; Sse solar traGking. 

hemicellulase Wsa'u.los): A polysaccharide resemhling ceHu- 
l^but more solnble and less ordered; found paxticularly\ 

Ev2 LS^pSr^^ ^ P^-' ^ -l-^-^y ^hort- 

herbacEous: An adjective refemng to nonwoody plants, 
herbari^nu A coUecKon of dried and pressed plant specimens, 
herbivorans: Peeding upon plants. 

heredity [L ft^eAs, heir]: The transmission of characteristics from 
parent to offspring through the gametes. ^ 

hermaphrodite [Gk. for Hermes and Aphriate]: An organism dos- 
sessmg both male and female repraductiVe orgaii. ° ^ 
hei«o- [Gk. hsi^os, different]: Prefix meaning "other" or "differ- ■ 

heleroedons Chef er-e'shfls) [Gk. heieros, different, + cikas, house]- 

heterogamy [Gk. hei^os, other, +ga;7,as, union or repradactionl- Re- 
prodTirton involving two types of gametes. ^" 

hetexokaryotic [Gk. h^ara., other, + iarycm, kernel]: In fungi, havin. 
two^more seneticafly distinct types of nuclei within the Slne^! 

fot,^^^ + """P^^' A term used 

£/SiLt Jr.^ ^"^^ "^^^"^^ 

&p hv^i^' Hybrid vigor, the superiority of 

the hybrid over either parent in any measurable character ^ 

i^^T""'- ^^"^^ ^"^-^^ designated as mi„o- 

spores and megaspores. 

? SSf"" ^'T'' + A term used 

to describe a speaes, the haploid individuals of which are self-sterile 
ora^-mcompatible; two compatible strains or ixxdividu^fa^t- 
qwred for sexual reproduction to take place. 

^ot m.? ^ ^"^^^^ ^ °-S^ that 

cawot manufacture organic compounds and so must feed on organic 

rgactioii: The oxygen evolution and photoreduction of an artifi- 




. Mum [L /ifli^T:!, a tdfle]: (1) Scar left on seed after separatim^ nP 

J l"d^^^'' °^ - starch grain ^ound S^,^, 

JS laid down m mors or less concentric layers. 

somes of all eukaryotic cells. 

s^olf i^^ ^"^'u °^ ' niulticenulai alga that attaches it 
'^^^ ^e^^ar or composed of a mass of fel 
^phke structures at the tips of some tendrils, by mean SiL' 
they become attached. ^ ^' 

hamea-,^homo- [Gk. hon:os, same, similar]: Prefix meaning 

homeosta^ (ho-me-o-sta'sis) [Gk. home., similar, + stasis, standi 
The mamtammg of a relatively stable internal physiological en^ 
ment w,thm an organism, or a steady-state eq^^um in a po™- 
b^or ecosystem. Homeostasis usuaEy involves feedback mec 

homokaxyolic [Gk. homes, same, + karyon, kernel]: In fun^n havi 
nudei wath the same genetic makeup within a mycelimxT^' 
hamolaso^ cl^amoiomes: Chromosomes iO^at associate in pairs 
aie first stage of meiosis; each member of the pair is derived W 
d^erent parent. Homologous chromosomes are also called homS' 

homology [Gk. kamologia, agreement]: A condition indicative of Q 
same _phylosenfitic, or evolutionary, origin, but not necessaiilv fl 
same m present structure and or function. 

homosporoBs: Having only one kind of spore. 

homolhamc [Gk. homos, same, + ihallus, sprout]: A term used to 

scnbe a spedes in which the individuals are self-fertile. ' 

homo^gotis: Having identical aHeles kt the same locus on homolc 
goiis chjomosomes. 

hox^osonium, pi honnogoiua: A portion of a Blaxnent of a cyano 
bactenuxn ihat becomes detached and grows into a new filament 
hormone [Gk, hormasin, to exdtej: A chemical substance pxodncec 
T25uaIIy m mmute amounts in one part o£ an orsanism, from which il 
^te^orted to another part of that organism on which it has a spe 

host: An organism on or in which a parasite Eves, 

humus: Decomposing organic matter in the soil. 

Hyalijplasm: See cytoplasmic ground substance. 

hybrid: Offspring of two parents that differ in one or mors heritable 

Characteristics; offspring of two different varieties or of two di^erent 

speaes, 

hyfaxidizaiioii: The formation of offspring between unlike paranb. 
hybrid vigor. Ses heterosis. 

hydrocarbon {Glc hydTu, water, + I, car&o, charcoal]: An organic 
compound that consists only of hydrogen and carbon atoms, 
iiydrogea bond: A weaJc bond between a hydrogen atom attached to 
one oxygen or nitrogen atom and another oxygen or nitrogen atom, 
hydrolysis [Gk. hydro, water, + lysis, loasening]: SpHtting of oiie 
moiecula into two by addition of the IT and OH"' ions of water, 
iiyc^ophyte [Gk, hydro, water, + phpon, a plant]: A plant that de- 
pends on an abundant supply of moisture or that grows wholly or 
partly submerged in water. 

^ydroxyl group: An-OH"" group; a negatively chargadion formed by 
tne djssassodation of a water molecule. 



iQ oissassoaation of a water molecule. 
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tTZTLTv'^^''^-^P^'^'''^''^ technologies have 
proven useful in genetic simi]arity studies. RFLP is stffl 

^d^5f p^'!? tecluuques, RAPDs, SSRs 

rnU. irT.T: ' -^"^^ P^^y^'S an increasingly important 

^^SuiS' r-'?^""" °° " '^^^P^ris^n of techniques to 
t^Taf i fT'^^y^''^'' ^""^ applicability for the 
Loit '^^^"^ty- .THe four assays differed in 
tion^n. I ^ polymorphism detected The infoima- 
^SZT"""- ^y ^^^P^'^t^d licterozygS^ 

Sf.T, T^^' °f ^11^1=^^ higher fOT SSR? 

^S^PsT ^'"'^ °f polymorphism was obtSed 
mSk^l However, AFLPs were the most effident 
Si b.?dl • ™ '^^P^aty to reveal sev- 

Sffii-^n^, -'^ ^ amphflcation. In fact, the assay 

efficiency mdex was more than ten-fold higher fo^ 
AFXPs ^znpared to the other methods. E.Spt £ 
lated. SSR L^H^i' '^"^l^^ trees were highly coxre- 
mart.; ; ^^^^ technologies can replace RFLP 
marker in genetic similarity studies because of the£ 



S bv nL- '''"■'f y genotyping inbred lines se- 
he set of^t^"'"- ?°°i^trap analysis revealed that, m 
was si^Srfo?^^'f-\^^' of markers used 

flStv^rl fL ^"^^^^^ estimation of genetic sim- 
SolSfes ' " ^--mgful comparison of marker 

Genetic Sty J^NA-fingexpnntmg - 
Introduction ' ' ~™ 
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So2 die ™Pl^^ di^^rsity and of relationships 
^ thf S^^^^^^S materials has a significant impact 
19m r^^ ^^^"^^^^ °^ orop plants (Hallauer et al 

Hnes ta hlfZH- development, in assignmg 

Son Tt ™^ '?"P'' m plant variety protec 

dS frnT ° P^<^Sree and heterods 

mike?sThiSril°\°^'^- ^^^^ °^ ^^^S ^o^--I- 
level fwTi detect vanation at the DNA sequence 
1* ^""^ ^™th 1992). In particular DNa! 
ment o^f?r°^^^? ^= ^ po4eriul^ool iT^; asset 

len^S ^Tf™t^°° Po^sr of restriction fragment 
tS|?d^?S^- "^^'"^ ^^^^ extenSe?y 
tioiSw f ^^^^ ^« m establishing rela- 

HnwS^ ^^^^ ^^t^^osis (Melchinger 1993) 
However, here are several drawbacks to RKLPs S 

siteSf "'^^ development of altema^art 2 
f^SpY^'T*''?^°*i^^' °f ^NA are in fact requS 
SfiS to ""^^^ ''°'^y- the techm-qu^S 

^^LX.^'^'T^'^: it requires sizable 

laDoratones and specialised equipment 

heen*^^™? m'^^'^'^ techniques have recently 

;r.?f f '^'^^^^^^y mtroduced in the fingerprinting of 
plant genomes OVelsh and McClefland^lSSTKeLh 



1993) IS^a ^'^^'^^ '^^^^^^y ^t^dies (Tiller et al' 

repeS oTDNf ^^^-P^-ed with Wexn 

sequence Spetjs °"™Ple 

beenexteaavS Polj^orphisms have 

(Tautz 1989> tw „ ^ "^^'^ markers in mammals 

and Heun lSs wu 'iTr^^^ ^^^2,- Senior 

co-dominanrmarkers^nTf^ ^^^^ are 

veJopments are n-^l ,^P^<'^= technical de- 

shoiSrre „]? =^ al. 1997) that 

RFLPtechnoIo^ ^'""^ ^"'^ '^''^^^ ^an 

is fSJSf ^"°Sth polymorphism fAFT.P™i 

^ti-TSSrAF??'^" ^'^^^^ de?eIoSr^^Vo 
detected S;r1dSvTSl"/'Vf ^"^^^ ^^^^^^'^ 
vide a number S .nrl,? /™P^'^^^^°° ^^^^ Pro- 

of maife (^os et af ?995> rrl^J'S ^l.^'^'^S ^^^at 
been used^o iden^ mSeJhif^to T"^"^' 
ance lod (Becker et a? To??,- ° '^^^^^ 

fingerprintDNlS^o^et ari9?rs'.'^ ^° 
and to assess relarim!=v u ^^arma et al. 199q, 

morphism and Kit -T^J' molecular poly- 

uSSft ^ iJjs) ^ (Ajm'J^ne- 

AnZTcugfthTSSt^^ ^^f^"^^- 

markers for sovbel;7=^i, i^ °^ different molecular 

been repSedToweK af Ss?^^^^ '^^^^^^^ 
The ofaiectfvpc *u "^^^^^ RusseU et al. 1997) 

the i^St?ye?essS°' r^^"' '° ^°°^Pa2 
their apSaSy fn/i^^?°i?'°^'*'^^" markers and 
type i(£ntStion =. f"'^- ^^y^s, geno- 

(2) to SS,^^ ""^"^'y protection purposes 

Ri4p t™CRt,!H°f l^"^^ obtaiL?^2 
inbred iSs and techniques in a set of maize 

esthnatin^ t'eSc^JL^ "T^^^ effectiveness in 
•i™* genetic smulanty among maize inbreds 
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1.0964. L0999, aid S c^'S°n^°' ^^S^^' L°950. 1^951 
Synthetic (BSSS) heteroti^^o ?f '.^ ^ Iowa Stiff SWk 
l?8gl,Lo924,Lo97rLM077^M^^,^^.f'^ '^^O^. C123, l5F 
with tie Lanc^tsr Sura c?JZ';^cA^- ^^2, Va59. artd Vaill' 

=Dd H96). Genomic DNA f"*^ ^^"^^^ ^° t° HY (H53 

of 7-9-d4 old gS^tedTe^d^'i'^'' f"' ^ '"^ of 20-30 shS 
-th.d a. Previously Sre'd'Uf^Str^^^^^ 

Nudeicacid manipui,^,, a.d znolecuiar-nxari,, a.ays 

Rn,?SouSei?'tSfer ffi- "^if -l«tr°Phoxe.is for ■ 
owed Livini et al ttfla For^^^"' ^'^ *«t°r^diography fol- ' 
UMCandBNLcrfi;,i^„ ■ ^^"^ genomic clones from &s 

w=^/ed"rc°S4're%T^^^^ 
A total of 253 RFLP h^rT^f 53 RFLP loci in the 33 inbred 

pr^ence or absS^^^^^^^ '?»f^ '=°<3ed a. 1 or 0 for Se 

RAPD amplificatin,,^ respectively. 

Marfan etT fgMfu.il P^^?™^'^ ^ described by Ajmone- 

agarose gel and stained ^>h^?i^- J electrophoresis on a 2% 

bred lines. Twenty fiv4 Drim^,ho^ ^ "^'"^ f 

fingerprint the 33 inbreds. ^ fragments, were used to 

The primers for the S<?T? ,r,„T, 
the sequences pufaliTed bv W^"" according to 

Taraminoijd TinSyFiglfS-^l'^^r''"" -^^^^rit^d 
MS dye and intei^li^rstL^ °jf '^"^ 
'de gel (Pfeiffer et HaS^^fS^t^"."^ f " 
sequencingelectrophoresi "T?*^ Fluorescent 

led with fluoresced bJ SeT-iL^^^^- ^^^m^^^ were lahel- 
fcal wncentration) du^g th" P^"^°^°' F-12-dUTP (2-^ 
abeUed nucleotide wa. ie4v^d bv^h f .^""^^^orporated 
loading samples on the ^^ Q^J^l P^aptation prior to 

Manager Software v l /^i?!!? ^-TIJ°'?^'^^ "=^"5 Fragment 

andthenfainary^odrkbyi^r^"?^ ^"^^^ 
line. « oy 1 or 0 for their presence or absence in each 

to^'iLSNAtlDtn'ri ^ (1595). Briefly, 

outter) and 5 U of M^Tn^ ^ restncted with 5 U of iTcoRI fraK 
stranded adapYe^^ ^lf,f (Pliarmada). and ^,^b^! 
the adapter iciZn^'"pJ.l^^^'^' ^"■i?- ^e structure of 
actylamide-gel electronT,n™.^^ i??™' ™Plifiration and poly- 

fay ^^1^otadioirB.phy^ ^^^1^'^'^''^^°'^'''^ ^ere visualised 

^'Srr'^^?'' -" "^^^^^^^ AH An,P polymer- 

ALL names of the t?t*t xs 
primers used for Sie^S^^"^ 

markers axe avaible o^SLf ^^^^^ ^'^ ^SR 



Materials and methods 

Plant materials and DNA 



extraction 




Data analysis 

locus were calcSSdl^iorte ""^'"^ P=r 

total number of effective 2iw 1?^ Morgante et aL (1994). The 

SSR.andAJvLP aS£es wt1Si?1 ST^^'^ ^P^> 
effective alleles of aU Sra^!f the number of 

tb= efficiency among tte^S ^ifJ:?^ ^1= ©• To compare 

generafly detect muMrie kuSes TrS ^^^^ SSRs 
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an assay eSdency index (AS) v;bs calculated. Ai combines the effec- 
tive number of alleles identified per locus azid the number of the 

r r^n^if ' ^'i^^i'^ ^ ^^'^ ^'^y ^ - ^^/^^ where Ne 
the total number of effectiYe alleles detected and P is the total 

number of assays peiformed for their detection 

similarities {GSs] from IIFLP, RAPD, SSR, and 
data were calculated among all possible pairs of lines using 

the Dice similanty index as in Nei and Li (1979), The co-ancestrf 

coemaent, f, between Knes related by pedigree, was calculated as 
previously reported (Ajmone-Maxsan et al, 1992). Ouster analyses 
were based on similarity matrices obtained with the unweighted pair 
group method using arithmetic averages (XJPGMA) (Rohlf 1990) 
and relationships between inbred lines were visualised as dendro- 
^ams. For each dendrogr^ the co-phenetic coefficients between 
me matnx of genetic similarities and the mktrix of co-phenetic ' 
values were computed using appropriate routines of the NTSYS-pc 
pacicage. The significance of the co-phenetic correlation observed 
1967) ""'"^^ ^^^^^ matrix correspondence test (Mantel 

The bootstrap procedure was employed to determine the samp- 
ling yanance of the genetic similarities calculated from the data sets 
obtamed with the different marker systems. AH data, irrespective of 
the dual or muItiaUehc nature of the marker system, were scored in 
tne lorm of a bmaiy matrix. For each pair of inbreds the Dice 
smiilaxity mdex (GS) was calculated from the 2000 random sub- 
s^pies at different sample sizes (10, 50, 100, 150, 200, and all bands 
When the total exceeded 200). Bootstrap standard deviation esti- 
f vJf't^'^^l^?.^'^'^ samples. The calculations were performed 

sis SeS:r ^''^^^'^ 



Results 



Levels of polymorphisms 

The 33 inbred lines were surveyed with the four differ- 
ent marker systems. All of the molecular markers were 
able to umquely fingerprint each of the inbred lines, 
I he levels of polymorphism detected with each marker 
system and the index comparing their informativeness 
are reported in Table 1, The total number of assays 
ranged from only six primer combinations for AFLPs 
to 53 probe/enzyme combinations for RFLPs. The to- 
tal number of polymorphic bands identified ranged 
from 90 for RAPDs to 253 for RFLPs, An average 
number of 4,8 ancles per locus, with an average.effective 



number of 3.2 alleles per locus, ranging from L2 to 6 5 
could be distmguished for eaci probe/enzyme combi- 
na^oB using RFLPs, Tlis value increased to 6.8 with 
t>^Rs, with an average number of effective alleles of 4 4 

f^^'^'^^l^^''^''.^ ^""^ ^'^ ^-^^ for RAPDs and 
A^LPs these values were lower (1.6 for both). This was 

nl n T.'? ^""^^"^ expected heterozygosity values. 
fnJ ^f?nt- ^^'^^ efSdency index was observed 

i AiD^ Lo^-^^ ^o^sst for RFLPs (3.21 

1^^' f^-^ ^-^^ respectively) were com-' 
parable to RFLPs. In particular, for AFLPs the high 
assay effiaency index is due to the simultaneous detec- 
^ou of several polymorphic bands in a multiplex ampli- 
fication per single reaction. 



Genetic similarity 



A summary of the-, genetic similarity estimates, cal- 
culated for each marker system, between pairs of lines 
or tile vanous heterotic groups is shown in Table 2 All 
marker systems indicated that lines of BSSS origin were 
more similar in comparison to inbred lines of other 
heterotic groups. The mean value of the GS estimate 
was^^as expected, lower for BSSSxLSC crosses than 
within the BSSS and LSC groups themselves. This is 
consistent with the common practice in maize breeding 
ot preferentially developing hybrids between heterotic 
^oups because they are expected to perform' better 
tiian those from crosses within heterotic groups. The 
A^^^^ 0-^^ ^thin LSC types, using 

AFLPs, to 0.00 within BSSS x miscellaneous types, us- 
ing isSRs. The estimates of GS follow the same pattern 
across marker systems, i.e. higher estimates of sim- 
ilanty within the BSSS types and lower esthnates 
within the LSC x miscellaneous types. Overall SSRs 
revealed the lowest similarity values and AFLPs the 
inghest. 

The genetic similarity trees produced from each 
marker system are presented in Fig. 1, In these trees 
mbreds were ordered as expected, though with 
exceptions, into the major groups BSSS and LSC. 




Number of assay units 
Number of polymorpbic bands 
Number of loci 

Average number of aUeles per locus 
Expected heterozygosity 
Effective number of alleles per locus 
Assay efficiencj index 



53 (probq/enzymes) 
253 
53 

4.S 

0.63 

3.2 

3,2 



25 (primers) 
90 

ZO 

0,36 

1.6 

5.S 



^Theoretical maximum number of loci 



27 (primer pairs) 
183 
27 

6,3 

0.72 

4.4 

4.4 



6 (primer combination) 

232 

232'^ 

2.0 

034 

L6 
61.9 



_ — "»°»-*».»o^*™*=,„™,„ 




Within heterotic groups 
BSSS 





Mm, 




Max. 




Mean 


HAPD 


MiiL 




Max. 




Mean 


SSR 


MixL 




Mas. 




Mean 


AFLP 


MhL 




Max. 




Mean 



0:28 
0.79 
0,48 

034 
0.90 
0,64 

0.13 
0.34 
0.3S 

0.45 
0.89 
0.62 



LSC 

In - 7S) 


MISC 
(n - 21) 


0.25 


0.23 


0.S5 


0,90 


0.40 


0.41 


OJS 


0.31 


o.so 


0,89 


0.57 


0.53 


0.0S 


0.08 


aas 


0.S2 


0.31 


0.2S 


0.43 


0.43 


0.92 


0,89 


0.59 


0.55 



Between heterotic groups 

BSSSxLSC 
(n 169) 



(n - 91) 



0.18 
0.59 
0.36 

0J7 
a76 
0,53 

0.07 
0J2 
0.27 

0.36 
0.51 
0.4S 



LSC X MISC 
(ft -91) 



0.20 
0,49 
0.36 

0.36 
0.65 
0.53 

0.00 
0.52 
0.22 

0.43 
0.64 
0.52 



Between 
all lines 
ALL 
Cn=-52S) 



0.1 a 
0.56 
a35 

0.29 
0,65 
0.53 

0.04 
0,40 
0,20 

0,39 
0.62 
0,51 



ais 

0.90 
037 

0.29 
0.91 
0.56 

aoo 

0.88 
0.26 

0.36 
0.92 
0.53 



B73 L for »xSri^/^° clustering of Bl4, B37, 
qfrfp ^1. J ■ ^^^J^PJe, fuUy conserved. On the r in 

mtaods^^^i/^^ '"^'"'''^''y reported VaS 

from a03!Slicakl'S^?°n ^ ^« ^^^^^^ 

tered these with BSS<f li^^'.^'^ "^^s- 
considered TilnrZf ^^^^ (although Oh43 is usually 
based tree tL '° 

valnes betweSi th?^n ^ ft"!?"^ "^^^ °f similarity 
pairs of iSrSs jJTp° rSSs '^l'.?' ^tan^ 
were confirmed by^ApSda^ ' "^^"^ 



Comparison between marker systems 



^B^^S^T' f'^^^^l^tio^ coefficients frs) among 
fl™ ^ coeffidents C/s) and ginitL S 

RAPDs sSwS tJ?'' significant (P < 0^). 

(r = 0.57 and . - n 53 ^°?=™ediate values 

^wd the ^kisf'^-r^^ii^^^i. 



tiose obtained uW ntf.^ ^^^P^^ti^ely) with 

across tS^Se daTfset ^^'"^ considerably 

(528) was Sed i?to tJ^''^ set of pairwise data^ 
arithmetic mean ofTe S^°^P£, (according to the 
RKLP dataT-morfsWT "^''^'^ ^^°Se based on 
"less simili' Scs^Sfes ^ o1^?>P' > 
that the genetic S.-.- ^-^^'^^^'^^^s^dent 

marker syftems wS^^'^f ^^^^^t 
similar lines whnT fl ^'"^^ correlated only among 
lines were io'w^^?*^f ^[clationships among c^ssimilaf 

ted aga^st tK ^= °S ^^'^^^ PJ°t- 
Pedigree data'Kml sSeTiSr^^^-^^ ^^^^'^ ^ 

ca<?mTr£;S^^^ 

clustering of genornf?''^-''. ^ ■ "^'"^^ '° ^^^^^^ the 
represents If StiS, ? accurately 
inbreds obtS^edlSJ that r^fv'^^ ^^^^^^ 
co-phenetic Joeffi^^Tt ^""^^^ "y^*^™" O^^all the 

Wghestcorr4tion Ssfemsn? l ^-^ ^^^"^^^ in the 
value, and thf Sn m Sf '^""^^^ intermediate 
correlation ^^'^^^ ^"'^^ producing the lowest 

lin^aSui^tSlsR ^^^.^^ 
of discrimSfn tetwtf ?n°'"^'-'^ ^^^^^^ 
genera], the CTouSnair^ ?? °^ "^^reds. In 
tion of the fiSef^ft^^'"^ the pedigree informa- 
tne imes, although some discrepancies were 
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50 100 150 200 250 300 350 
Number of bands 



A^LP it^h.^H^i'^.':''.^'"^^'^ siimlarities based oa 
^ta correlation with pedigree 
data, while those based on RAPDs had the lowest Se^ 

Bootstrap analysis 

h^Jti^t.?f "^^^^ °f genetic similar- 

ets ha^ir ^^^'"^^ molecular marker data 

°°^'^"^^P ^^alysis with a declining number of 

sSiliritt ' '™P^'°S ^^riance of the genetic 

^anty among aU pairs of inbred lines fof each 

SotlsoSTtf " ^^^"^ indicated tha? 

predJof i there was a diminishing return in the 
Se? of 5 '■'''^^ additional bands. As the 
SiLrH I tJisse thresholds the 

rret^s)t~t^^^^^ ^^'^^ ~ 



Discussion 



other metiinri?TK^ I \' ^^^^"^ comparison to 

exDect^lSf. of polymorphism is to be 

JSeratLTsIp ^?r^ pechanis^ responsible 

age fTaSif replication slipp- 

reTea?edt^°'??r'^*,°°^^^ 

Sey%^3^-t^ ^^"f of polymoiphism (Wu Jd 
' Morgante et al. 1994; Powell et al 
1996). The present data indicate that on average SsS 
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Wh.£e ntb^^f Ss^= tfe^S^^^' 
et? observations gclcer 

associS'wS ^LPs °' f^^^'^^^"^-^ -as 

measuredas^SalSeffinS. *^^i^o™ation 
with the nSiber of ^ ^ correlates 

was -or^SnTen^f^friSgLfS ^T'' 
<ie other method. Tirj^^fl ^. ^ "^^^^ =o™Pared to 

ment with prSs SS.S f'- 
several ^r^i; ■ ^ermplasm analysis carried out in 

the hishe<!t wV^ capable of revealing 

that aSp Ste/.'?^°'?-^^°^ ^^°Sle marker and 
Phisml^"^^ stgle Sav ^^ht Polymor- 
index is a refect n'^fJ^e^Sy'^^^^^^ 

are 7;^nH, adopted, where several microsatellites 

S^e pS Lnl"^^^' °^ irformative gcnotypic classes . 
.markers ^ compared to the binary AFLP 

The results shown by genetic similarity trees indicate 
adStionT' ^^-y are highly sSS £ 

^th?h^;Wo molecular methods agrS 

wiin the information obtained from pedigree data <t-m 

Sds tr,^ found thefo^eS^^oSS^^^^^ 
specLft?r= fT ^ sy^t^s. In this re- 

the use of r f ° ^APD analysis, based on 

S rrrodudhlnf Pmners, is likely to suffer from alack 
and Hai^^?9?4f S'the ^-^^if .annealing (Neale 
analv^,-t 7^1 r ^" ^^^^ obtained from cluster 

analysis, all hues with defined aiBliation to one of the 

cS^SrTif.T' ™ ^''^'"^ '° "^'^ specific m^ 
rSn^' ^/Sreement with the available data for maize 

tion t w vu'- ^- A second observa- 

Sjiti?rir<?l^^ Srouping of m"?e 

Spe^taSonf h P^^^^y ^th the 

f -^P"" P^^S^^ dat^ Mfferences 

Snf ^ grouping geneticaUy more 

accessS^, ™ ^'•"^^'■^'^ and from pea 

fes S 1^.^ molecular marker-based simil^t^ 

iSi^ n?^ "^^f^ significantly correlated across a wSe 
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(Nei 1987), and the numbers of marlcers or T,Tnh^. 
employed (Tivanget a]. 1994) ^^^^^^^^ °^ P^°bes 

geSi'c^ZS'r,^"? "l^^^'i ^ reUable estimate of 
genebc similanty has been shown to vary from 15 

• nSSf, ^^^"^^^ *° clone-enzyme LmS- 

hJri^r' data set in maize, found that the number of 
bands reqmred for a CV of 10% was 388, 150 and 38 
for closely, mtermediately, and distantl^ rekted in- 
breds respectively. Our results using the bootstran 

ruiable estimates of genetic sim larity. Accordindv the- 

""'^'l '"^^ '^^^^ b^Sdt 

were ?n ^^n f "^'"^ '""^^ ^ precision in the estimate 
were JO-40 done-enzyme combinations for RFLPs 
40-50 pnmers for RAPDs, 20-30 primers for SSR ' 

in cn^^^^' the disagreement of the RAPD results 
SnS^>f°?J°^^' 'yP^^ of marlcers might be 
T^-^^' ^sufficient number of primers used 
In conclusion, the results of this study indicate that 
with the exception of RAPDs, the other DNA marWs 
fi aSS ::fT "-'^^^^^ g^nnplarm" dit - 

ca^didSs'^tfrU^^^^ '^^^ 
ilarftv Zvh- * RFLP markers m genetic sim- 

W cS^. K,^"^ description, and that they 

sekcted bv !;'?^" ^■^^'^ ^ inbred linej 

tfanniv^r;^^"^- generally much simpler 

to apply and more sensitive than the traditional 

S'bS biochemical methodfJr'^Thi 

it^i.i'-based fingerprmtmg techniques; yet they pro- 
AmSo?^H ^^^^^^'^'l^^i^ those frL r/lP aSC. 
tlT fb Jv AFLP methods is 

th£ mitf^n While SSRs, thanks to 

sSh f ^^'^ co-dominance, appear to be 

Su^s AFL^'^^S 1°?^? P^^g heterozygous SicS! 
rS;*?/^'' ""'^ '^^^ multiplex ratio, offer 

such a?i. f K presence of linkage disequilibrium, 
such as m mbred hnss and breeding materials. 



aiy, speaal giant Piano Naaonale Biotecnologie YsgsSlL 
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B. G. Hafa . A. Jahoor ■ W. PoweU - fi! Waugh 

Direct comparison of levels of ^^n^fiv i/-<*f«*" 



fo Srlf^i^'' ^^^^^ SSRs^ere used 

vateril? ^^"'^'^ relationships amon/lS cSti 

of fee «V„ Where these were availaWe AD 

amount of no?^^^- ^1 ^"'^ ^""^^^ ^^^^e^sd ^ the 
fflount ot polymoiphism detected. For examole all n 

SSR pnmers were polymorphic, with an S5 7 

alleles per pniner set while nearlv '^Jo/^X i 

varfpril two-row and six-row winter 

Seen '^^P"^^^^ comSns 

eac?'™ tlTa "'^^^^^ revealed by 

approrchi In5 measured by a number of 

70% nf tl ^P^.^™^ raol^ correlation ranked over 
a^d R?LPs if t^^' comparisons between ^fTpI 
vSne, wS; "^'^^^ SSR^ had the lowest 

r^iSts !j'^.=°™P^?d to the other three assays. S 

S^'te^h^otrS? "V^'f^^ '^^-^ of aW?pri! 
evaluation ^ dilferent aspects of germplasm 



Introduction 



Communicated by M. Koomesf ' ' 

G^^tic, Scottish Crop 
_^ institute, Invsrgowne, Dundee DD2 5DA,Scotiiid, UK 
B. G. Hatz ■ A. Jahoor 

■icntung. 85350, Fxeismg-Weihenstcphan, C3ennany 



Wl^rCi^L^L'^^lr^^'^'^ ^° domesticated, 
ag^ barlev i™,^ ^^^^ fourth in world acre- 
crop anTit ^ ^ 

(Brown 1992) l7h^in^^, for brewing beer and whisky 
comprises Q^Pr 1? ^° ^^^''^ -ffori«z7«, which 

«^o5g£TSe^S^^^'i^ wMch are spread 

three irouDs of vl^? ^ ^^""^ ^'^^ ^to 

improvement tIe^S,™P°"'^'=' *° '^^^^^^^'^ ^^^ri^y 
»«&re™d^ ^1^^^ genepool (H. mlgare spp. 
S^Zo^mh^h'^" pp. ^po«ra^««), the seconder 
5the?Sr£^1p3 P the tertiary genepool g 

aSiJnTSe heM'^'^^'"°l= than 250,000 
ont the worlH genebanks tfarough- 

19921 Wth Tf^ '^ the number is increasing (IBpS 
a n2d^?r?n ^""^^ °^ germplasm coUec&n 

is one such th/ct? j l.??^ Core CoUection' concept, 
a it of S^^^^f P-°vide users wfth 

bejnappHefto SSllS t^B^teS^^^^^ 

o^n'SWedT^SJelt 1?^^' 
sity available ^ll f spectrum of genetic diver- 

1992) established (Hintum 

cip^S dSw^?^'''^°^x.'-' ^^T'iiological data are the piin- 

markers Ld r^J^ ® development of molecular 
crudi th?t tie- ^"'"'''"'^ advantages, it is 

genetic Sverstt^ ^PP^^^ t° ^^ess 

to sunnlTr/ ^ Sennplasm coDections in order 

^LaStiSL^owter ^ -oxphological-baid 

of moleSS" a^sayraJaSbw"' 

area has increased n fPPl^cation in this 

amoJn of dSo4v ^PP^"^^°^ the type and 
o^t ot polymorphism detected and in cost and time 



reqinrements. TTie approaches include restriction fras- 
ment length polymorphism (RPLPs; -Botstein et ^ 
random amplified polymoiphic DNA (RAPDs- 
Wilhams et al. 1990), simple sequence repeat polymor-' 
phisms or microsatellites (SSRs; Tautz 1989) Am- 
plihed Fragment Length Polymorphism fAFXPs- 
Zabeau and Vos 1593).- j y ^j^i^fs. 

Faced with this wealth of marker technology it is 
appropnate to determine if the same patterns of varia- 
bihty are revealed by each and whether-the observed 
molecular diversity reflects either co-ancestry or mor- 
phological classification. To address this we have 
fi-o^^'tl f compared similarity measures obtained 

wh^^T, , ^^""'^ 'y^*'™^ °^ ^ of accessions 

wh^ are re^esentative of cultivated European barley 
germplasm. This has allowed us to compare the result 
Obtained from molecular analysis with each other and 
wiOa pedigree information. The results are discussed in 
relation to the overall genetic diversity observed and 
the features of the individual assays 
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MarkBT analysis 
' RAPD 

a^^^^^f"""' ^"^^ Prfonned described by Bania et al 
etS™ S^'^M ^«?^=P^^tedon 1.5% agarose gels, stained 

^ J^^- vdth ultraviolet liiht and p™ 

^Sw^tv^^''""' or ab3^=e of polymorphic bands^^^e 
^Tofl7^^ ^ ^^"^ polymorphic between the par! 

s st^dy™ ^ ^"^'^ CBIenhein.- and E224/3), were used k 



RFLP 

zv^(BlJ:Tn l \,?^^7'^ digested with three restriction en- 
SSSL'^^r^ ^^^'^on fragments we^ 



Materials and msthods 

Plant material and DNA isolation 

fi^'^^o^"'^'^^'"'' '^'■^^^ represcnring the majority of an- 

mn^-fl ^ fresh leaf material by a 

modification of the method described by Saghai-Mar^Fet al 



SSR 

IZthlT^^- sequence repeats were used in this study- 

I 1 ™5 5f.^- ^ database-derived SSRs are described in 
dSs?p''''=^^.°" Heun (1995). The 7 ffiTrar^ 

as^vfi d^'^^Pd by Macaulay et al. (in preparation). 

^says were perionned as described by Morgante et al (1994) AJleie 



Table 1 Pedigree information — 

and country of origin of 13 barley Cultivar Pedime- ~ '~ ~ ~ — 

accessions used in molecular — — " Origin' 

^^ysis Spring type, two-rowed; ~ " '■ 



Aramir VoIlaxEniir 

GoHen Pronnse X.ay -u^^^^ Maythorpe (Irish Goldtborpe x Maja) 
Winter type, two-rowed: 



•ML. The Netherlands: ^France; GB, Great BriTainj D, Germany; I. Italy 



GB 
D 



Winter type, six-rowed: 
vt^!^ Vogelsanger Gold x St 7246 

Express Rofaurx Athene ■ D 

Gaulofs SrtlTl^^^f ""'^'^^ ^ ^^-^ >< >< Vogelsanger Gold 



D 



TanaxQQ x Sisfor L. 90 ^ 



I 
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AFLP 

^A^''' 7^ essentially as described by Vos et aJ HQQ^ 

^coKI pnmer was radiolabelled with v-P^Pl ATP rrr^^ ^ 
pnmers had thiee selective n.irl<.nf^i; a ^ f-i . ^^^^^ ^JI 
separated by denaturi^r^V ^ AinpMcatiOB products were 



Data analysis 



s^virS^aSTS''^ with 83^% and 66.3%, re- 
Wia ^FT p ""^f^^^ marker system (Fig 1) 

tin-gief Whh SaJTtSfi '""^^ 

as nearlv =.n 1 ■ "^-^-^^ Sgure increased to 17.2 

fiirther xeflectIS i„ t^, ^^'^^.^''=>^^ i^^d. This is 
Overall tS h,W,f .diversity index measures. 

RAPDs and -Sl^f (0-322). 
re^e5vS?y) "^"^ ^t^nnediate (0.521 and 0.556, 



gversiQ, values we« calculated for each 10CU3 as (1- 2 Pi^^we ^ ■ 

frnif./ P^=°°'ypi= frequency for eaci assay" u^t R^pf <^e°etic smuJarity 
AF^pte: =°n>binatipns; RAPDs-primer.; sFus^p^LS : 

ing to Nei id tStS-^*™™ software package accord- 
4i«^ usSgfc io„l L;'^^^^ of sMaxity. Siznilarities w^e 

GS S^'™"^ P^^Q and linear rf gresS^ S^the 



Results 



Fingerprinting 

All of the Diolecular approaches used in this study were 
abk to uniqnely fingerprint each of the IS cultivIS 
,^'^^^sions. The total number of assay ISts 
co^^H I- ^^f "^^'^'^ system from only & pS 
combmations for AFLPs to 144 probe/enzyme co^f 

banj scored ranged from 70 for SSRs to 299 for 
SsavH^H of polymorphic bands for each 

For exl^n^. '°7'^^Jf 1° °™ber of bands 

whL ^1 ' ,°'^y ^^'^s ^"e scored for SSRs 
which was the lowest number, but all 70 werepol:SS 

only 46.S/0 of those were polymorphic. RFLPs and 



I'^^J -^alyais of the RFLP- 

SSRs- and 
AFLP-generated banding 
patterns 



S^x^S'iSt^^^ <ii^ded into 

Sir fn^ -^^^^ are mainly 

used for fodder and can be further divided into two 

l^f^ hf^^'^J- °^ the same pi - 

Ss ■ elates of sHnil^ty within the spring 

^mtr. ^, ^"^^'^ estimates within the six-row 
mmer types (means: RFLPs = 0.70, AFLPs = 5.8??^ 

Sent^tl Th= fituation with RAPDs was 
amerent, with spring and six-row winter types exhi- 
biting equivalent mean similarities (0.879 S 0 S97 
r^pective ly). Overall, SSRs revealed the lowest siS 

(o?7^o.I!j."'' SiSt 

ForT^r^f ^^^'^ ^° ancestors. 
Si^rS;,?'' and Triumph have Union in their 
^ould tWf Krona has Tiimnph. Our expectation 
Elv^.1.f°i'-^\J^^^ ^ accessions should be 
closely related Table 4 shows the genetic similarity 



Marke 



Number of 
assay units 



Total 
no of 
bands 



Number df 
polymorphic 
bands (%) 



RFLPs 
JlAPDs 
AKLPs 



Number of 
bands 
per assay 
' unit 



114 (42 probes, 
3 enzymes) 
22 (primers) 
13 (primer pairs) 
6 ^Jrimer 
conibiaations) 



Number of 
phenctypes 
per assay 
unit 



Diversity 
index 



249 (33.2%) 2.62 Z37 



107 
70 
297 



71 (56.3%) 
70 (100%) 
139(46,8%) 



AM 
5,33 
49.5 



3.41 
5.38 
17.2 



0.322 

0.521 
0.566 
0.937 




^ 2 3 4 5 6' 7 8 .9 1011121314 
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1516171a 



i I a. ^ i 
S < m <D 5 X ^ 



m 



221 bp 





2roft°h.5^ni''°°^P^"'°°' °f 4 accessions with 
sl^ll ^^^J.e^^ar assays. With RFLPs, AFLPs and 

meS v^f !f f ° 'T^r^ higher than fee 

^If. > ^u'' ^P^S ^es, and the highest 

l^S O^Ts'sT n^o^^r^^ a^d Grit (RFLpTS 
uon in Table 1, Tnnniph and Grit share a number of 



tlT^n .r^^ ' S^"^^'^ amilarity values were less 
^an the average, although the Triumph and Gri com 
panson was again the highest 

vaSef we?. ^™^^"^7^^^ for the two-row winter 
I^rn^ ^ f mtermediate between the spring and 

Sonaanr^o^"^'' ^'i' 
^nja and Romance were more similar than the other 

(AFLPs), 0.S9 (RFLPs) and 0.94 (RAPDs). This was not 



• ■ ^APD, SSRs and AFLP data for winter and 



Spring 93,0 
winter 

Six-row g5.i) 
winter 




71S 



Tabic 4 Genetic similarity values 
for the compaiisons of 4 spring 
accessions with each of the 
molecular assays 



Grit 



UAPDs: 






Grit 


iuU.U 






oa.U 


100,0 


TrinrnnTi 




85.0 


Union 


gg Q 


88.0 


S.FLPs; 






wilt 


100.0 






Sj.U 


100.0 






8S.0 




27 n 
a /,U 


S7.0 


AFLPs: 






Grit 


100.0 




Krona . 


91,0 


100.0 


Triumph 


97,0 


9Z0 


UniQn 


93.0 


94.0 








Grit 


100,0 




Krona 


84,0 


100.0 


Triumph 


97.0 


87.0 


Union 


69.0 


70.0 



'^^'^P^ Union ' Maximum Minimum Mean 



100.0 
S4.Q 



100.0 
S6.0 



100.0 
94.0 



100,0 
94.0 



100.0 



100.0 



100.0 



100.0 



95.0 



93.0 



97.0 



97.0 



84.0 



76.0 



SS.O 



66.0 



S7.9 



S4.3 



92.4 
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unexpected as the co-efScient of parentage values were 
also the highest (0.290 for Sonja x Romanze compared to 
tiie mean for two-row winter type of 0.212). Both Sonja 
and Romanae are related through Malta, and Romanze 
Has bonja m its pedigree. The lowest genetic similarity 
values were observed for comparisons with Rondo. 

Genetic relatedness 

Associations among the 18 accessions were revealed by 
principal co-ordinate analysis (PCoA) (Fig, 2). The 
combined data (775 bands) dearly separ- 
ated the winter from the spring accessions. Among the 
wmter types, the two-rowed and six-rowed varieties 
tonned two distmct groups, with the two-rowed types 
tonmng an intermediate group between the spring and 

^^y^'Zli^^^^ ^^''^^ generated by 

RFLP (299 bands) and AFLP (297 bands) data, a sim- 
ilar arrangement was observed. From the RAPD data 
three distinct groups were again observed, although the 
spnng types .were more dispersed Only a small group 
or spnng'types clustered together using SSR data, and 
two-row and six-row winter types were again more 
dispersed. On aO of the PCoAs, Rondo appears in 
a remote position. In addition, "Yolga', a spring variety 
was positioned between the rest of the spring and the 
two-rowed winter types. 



(PR), linear regression of the pairwise GS values (LR) 
^I rTPf^^"^ ""^^ correlation (SRQ. The results for 
bRC (which compares how each system ranks pairwise 
similarities) are shown in Table 5. Comparisons using 
J^-it ana LR showed the same general trends although 
tne overall correlations were lower. Over 70% of the 
p^s of genotypes were ranked in the same order with 
RIT.PS ^d AFLPs. This correlation is reduced to 
xu.y /q when comparing RAPDs with AFLPs. SSRs 
were mtermediate with over 50% of the genotypes 
ra^mg in the same order as that obtained with AFLPs 
ajid RFLPs. 



Discussion 



Comparison between assays 

To compare the results obtained with the four tech- 
niques, we tested correlations using Procrustes rotation 



Given the proliferation of genetic markers, compari- 
sons between techniques are inevitable. However, there 
IS a need for such comparisons in order to decide on 
Which technique is best suited to the issues being exam- 
med.^In ti^ study, three of the newer polymerase chain 
F^^^"^^^^ systems (RAPDs, SSRs and 
A±LPs) developed during the last 5 years have been 
compared with the weU estabhshed RFLP system that 
was developed over 15 years ago. Each technique not 
only differs in principal, but also in the type and 
amount of polymorphism detected. The levels of poly- 
morphism between the four techniques varied widely 
f^^^!^^^ ^ maximum of 100% (SSRs) to only 
^«-e) ^ (AFLPs). Similar results were observed when 

^- ^^^^^y compared SSRs 

mm RAPDs m tomato where the level of polymor- 
phism was 40% with RAPDs compared to 100% with 



CDS 

Q.ce 

a 

i o.aa- 

t i 

I ° 

I -0.02. 
-0X14- 



-RAPDs 
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-0-OQ -0.36 -0,04 -0.02 ' 5 0.02 0.^4' flia 
1st prindpal ccmpcwient 



0.20 



i 
S 
■« 

t 



Combined data 



8 



■0-2 



SSRs 



-0.4- 



s 

■« Q.Q5 



1-Sl pn'ndpal campansnt 



-0.10 



■<].C5 a Q^og 

l5t pnndpai component 



0.10 

t 

3 

13 -O.QS 
# 

-n* -0.10 

CM 



-0^ -0^ ^.1 0 Q.I 

1st principal ajmponant 



Sed b^'n°Hl^^°T and winters cultivaxs re- 

vealed by pnnapal co-ordinate analyds for each molecular aasay 

a^Ks based on Speannan's rank correlation and Procnistes rotation 



SSR 

RAPD" 
RFLP 



l.GOO 

0.515 1000 

0-235 Oao9 

0-505 0.708 



SSR 



AFLP 



1.000 
0.2D1 

RAPD 



1.000 
RFLP 



^ Rondo omitted torn dataset for RAPD comparisons 

SSRs, Indeed, whenever SSRs have been compared to 
levels ^'''T' ^^^^^ ^^^^^^^ tbe^gSest 

w.f ^^^^^4,Mf^gi^an et al. 1995; Morgante et k l994- 
Wu and Tanksley 1993). Tlie level of polynioipSsm 

rl^mn. ^^^^ ^ previous studies on barley using 

et Jm^f ^^^^^^^^ (Meldnnge? 

et al. 1994). Tins is probably due to pre-selection of 



•0.1 Q -D.C5 0 _ 0.05 0^10 OIS olo 
1st prfncfpai component 



rn^'l' with AFLP3. Becker It I. 

veal^ S A^'r'^ of polymorphism re- 

,.7 ^^^^ ^°^er than by RFLPs. How- 
ever, although AFLPs do not offer the higheft evel of 
hat?^.^''^-.*'^ ^= efficient becanseley 

^dnS^llT^ '° ''^^^ polymorphic bands in 
per PGR for AFLPs was 49.5, compared to 1 0 band 
dSer^tv°H-^^^/?^ ^S^^- -I^^^. when ^ae over^ 
A^?V^^^^" J'^' techniques were compared, 
StiZ^.^^ ^^^^ (°-^37). Powell et al. (1996) 

Sa?^ r?.! '¥^T°f demonstrated 
M^w T other available marker systems. Ths high 
eScv n?f T?/^^^™:^ ^'^^^ ^ a reflection of the 
nS..^ f^f^^' ^° simultaneously analyse a large 

^eS/r. S=™PJ^^_. can be divided into two 
Sctitj^'f^^'^ ^^S- °° morphology 

stSSl Tel; ^^^""^P' ?} ^ (i994) using RFLPs oh- - 
served a clear separation between the spring and winter 



720 



^^%^^^^<^'S^^ Insults were observed using 
RFLPs, AFLPs, RAPDs and SSRs. Fra^eimore, Mel- 
chinger et al. (1994) noted that snb-groups wex^ also 
apparent for accessions with similar pedigrees, such as 
tJie compact grouping of two-row winter types inter- 
■ mediate between the spring and six-row winter types. 
With the exception of the SSR data, the two-row winter 
types form a sub-group between the six-row winter and 
types for RFLP, AFXPs and RAPDs. With 
me data there is a clear separation between the 
^ng^d wmter types/but not within the winter 
types. This is not unexpected considering the low level 
Of band shanng between accessions; even within groups 
toe estimates of genetic similarity were much lower 
than any of the other assays. : 

Several previous studies have compared the use of 

SSSn^°t f^F/^ genetic relatedness 

OHaUden et al. 1994; ITioimami et al. 1994; Liu and 
Furmer 1993; dos Santos et al. 1994), and mok of thTse 
show that RAPDs and RFLPs detect very similar rela! 
uonships among the same group of accessions. Re- 
T^ii^ ^=P°rts have compared RAPDs or RFLPs 
^fl 1 oS°-i?/^^ of genotypes (Rus-Kortekaas 

et aJ. 1994; Wu and Tanksley 1993; Salimath et al: 1995- 
Maughan et al. 1995). Rus-Kortekaas et al. (1994) ob- 
served a lower percentage of band sharing in tomato 
tT/vf' f SSRs compared to RAPDs and sugges- 

!f,v^f ^^^^ ^^'^ ^^^^S would make RAPDs more 
suitable for genetic relatedness studies. The results in 
this study would support the finding that SSRs may not 

stud^^.'lSf^^^u'^^",'^'"'^ P^^Sree relationship 
studies, although only a small number of SSRs were 

T-PlJ^!?'^^-*^!^ °^ variation and the genetic 

relationship between genotypes is an important consid- 
eration for efficient rationalisation and utilisation of 
^ermplasm resources. Furthermore, it is important for 

fluenriS ^'^^^S programmes, in- 

nuenang ttie choice of genotypes to cross for the devel- 
opment of new populations. In barley, breeders have 

Se resuhTh.^T'^^ f^^"'"^ genotypes with 

uie result that the number of genotypes within the 

.7 .?fn^t°^.^P°°^ According to Graner 

cc ai. iiyy4) better knowledge and measures of genetic 
similanty of accessions could help to maintain genetic 
Mversity.-In the past, indirect estimates of similarity 
pasea OH- pedigree information -have been widely used 
m many spedes including bariey. Such estimates may 
not always reflect the fane relationships between acces- 
^ons (Graner et al. 1994). In tiiis study we have used 
molecular markers to detennine direct measures of 
genetic snmlarity between individuals. The estimates 

Il TltSr ^'^l^^hl'^ '° Melchinger et 

al. (1994)_ reported GS values of 0.79 for unrelated 
barley pairs, based on RFLPs. The RFLP results ts- 

fl ri'?Q^ PP^^ J^^^ *° Tinker 

et ai. (1993) observed GS values in a set of 27 North 
Amencan barley cultivars using RAPDs which were 



G^f,i? ^ o'c J^^""^ (0.84-0.95). The values of 
■ t^n °^ ^ P^^^^^t study are much lower 
V ^LPs, AFLPs and RAPDs. Rus- 

Kortekaas et al. (1994) reported that the percenJag. of 

X I'O??'^ en":,''" tomato cultivars using SSRs wi 
omy iu.s /„ compared with SZ7% for RAPDs 

mates of genetic similarity when employing SsL to 
^amme wheat accessions and suggested Stheselow 
^o^LdVy ^ -°ten" 

cJ^f^^'.^TJ^^^^ '^^^ molecular approaches 

phologically distinct groups, and also further into 
sub-^oups which have a similar genetic backgroSc? 
Znt i T ^f^^^^^^^ tiie issue of concordSce of 
molecular-based estimates of GS .and co-ancestiy 
Graner et al. (1994) compared RFLP-based estimates 
°:Jf^ co-ancestiy for a set of 48 cultivars. A very 
Sr ''°nf^^^°'' TcpoTt^d; r, =0.21 for winter 

based Tn^wf ^^""^ ^X^^- Si^^Jy. ^s^g protein- 
based |iadin markers Cox et al. (19S5) observed a 
conrelation of r, = 0.27. Botii Griier et al. 7l594) 
and Cox et al. (1985) agree that perhaps the reason 
T^- <^°rrelations may be the high back- 

^ound smularity found for unrelated accessilns using 
molecular markers. When related cultivars were used 
Zi^l ^o^^slatior^s between RAPD-based 

estimates of GS and co-ancestry a moderate correlation 
m-rfi-" ; observed between both measures 

.SS"' ^^^'"^^ ^ flS95) observed 

snmlar results m wheat using SSR-based GS estimates 
n^t? r measures (r, = 0.55). Although we have 
omy a toted set of co-ancestry measures for the acces- 
sions studied here, several inclusions can be drawn 
ffom the correlations between molecular estimates of 
t^=.^ ffi^° co-effident of parentage. For example, 
the co-efficient of parentage for Rondo was 0 for all of 
the pairwise comparisons, and witii aU molecular 
measures Rondo had the lowest GS value. The low-to- 
moderate correlations between molecular measures of 
and pedigree estimates have led to the condusion 
mat pedigree infoimation may not be as useful for 
certain apphcations for which they have been used in 
the past (Graner et al. 1994; Plaschke et al. 1995). In 
any case molecular-based estimates of GS will provide 
fomation™^^^°° is available from pedigree in- 
Having estabKshed that molecular-based estimates 
ot OS will aUow plant breeders to make infonned 
oecisions regarding tiie choice of genotypes to cross, we 
^^!Lf^ question as to which assay is most appro- 
priate? Several studies have been described which ad- 
dress this question using isozymes, RFLPs and RAPDs 
■' ^^^1' Thormann et al. 1994; Hemi 
%ff' l?^' ^^.'^^^ ^5^4). Heun et al. (1994 found 
that the correlation between RAPDs and iso2ymes 
among Avena sterilis accessions were moderately low 



Sc reiSni ^ representation of gen- 

et ^JsUf considerafala agreement, leer 

etai (1994) assessed genetic variation amons Av!^l 

fx =0271 f i-J- '^^"^y correlation 
inon f2 ""^"^ ^^^'^""^ ^^^tion was obse^ed 

rSd, f™^''^°^ °f = 0^69 between kpxPs and 
B^? • ^"^P °^ 18 accessions fronTdfii^t 

a "StS"h£r '"^r -^^ owed 
R^T-\^!l =°^^Jation between RFLPs and 

o^acea i^on Jl "^^3 genotypes within Srassica 

orHer tC- PaiTwise comparisons in the same 

baS"n ' "^-^^ because both technSnes Se 

thaT PCrT''^'? r^^S^^' d?Sce1s 

ana ySs S^FI P t"" '^^^^ Southern 

thT w ^ ^L^s. In contrast SSRs and RAPDs have 
lowest values when compared to the oSfrassavs 

a reflSo^Tf 'tf "1°^'^^^^'^ RAPDs coSdTa 

preSS™ A%?°''' °^ ^^^^ ^« J^ave 

iJicviousiy used m the construction of a linfcaCTP iT,a„ 

vSe7£S°^ "^1=" two retepl^^ 

Ses of ^ ""^^'^'^ i° biased esti! 

order nf ' ^''^ li^^ affected the ranldn- 

GS - o Srti,^° "P.""? *ypes (Volga and Beka- 
o?hp7. ^' ^^^^^^ ^= l°^^st GS estimates for S 
other assays were between two winter types (even whin 

ass^s ma7°io?feff r ^'"^^"^ ^.^^^ ^^'i °th-- 
high le^f/nf ^ My^^expected, considering the 
naSnnl ^ polymorphism between pairwise com- 

be D?rtSri "^^^ ^^^y -^^d seem to 

assesshi J^TI^l^S?^ """f^ particularly valuable for 
Drobe relationships, but required several 

bS^L .l-^^^=°™^i°^tions to discriminate 

Mo^^.^^^^^^ °f probe or sequence 

Meil^^^ -""^ according to Vos et al. (199^^ 
auei^f'^'J^^'S ^'^y require no prior S! 

mee? AFLPs andR^PDs 

fomatioT/t"^'^l™'^*^' ^^^^ °^ comparative £ 
SSudes f r"^"'^ ('^^^ dominance) 

^ ^"^'^'^ assessment of true genetic rela- 
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